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ABSTRACT 
The environmental impact of roadways has become a matter of considerable 
concern in many countries. In the past, environmental assessment has been undertaken 
at the project level using conventional environmental impact assessment (EIA) 
techniques. However, many deficiencies arising from project EIAs have been 
recognized and Strategic Environmental Assessment (SEA) has recently been 
advanced to make up some of these deficiencies. As yet there are still no standard 
procedures and methodology for SEA in the planning of transport infrastructure. 
This research reviews the application of SEA in the transport sector and reports 
the attempt made to develop a GIS-based SEA tool. It can be used to avoid and 
minimize environmental impacts of the road network in the early planning process by 
predicting and comparing the impacts of different scenarios or route alignments. 
GIS is used as the platform because of its capabilities in spatial data 
management, analysis and visualization functions, which are most appropriate for the 
assessment of road network. 
Because SEA is a complicated and multi-facet task, the system developed in 
this thesis focuses only on two key transport-related environmental impacts, namely 
noise and ecological disturbance, arising from road network development in Hong 
Kong. Land acquisition has also been assessed because land is expensive in Hong 
Kong and the cost of land resumption is also a major consideration in project planning. 
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The importance of assessment base on noise immission rather the crude 
roadside noise emission is underscored. For strategic noise assessment, besides the 
simple noise emission assessment, a broad-bush emission to immission transformation 
based on the urban layout is made to estimate the noise exposure of the affected 
residential area. A study of the noise attenuation pattern of major urban forms in Hong 
Kong has been carried out to ascertain the adjustment needed to perform on the noise 
emission to noise immission task. The strategic noise assessment output is in form of 
the percentage of non-compliance with current noise standards and guidelines. 
Assessments on ecological disturbance and land acquisition requirement are 
done by spatially analyzing the land use intersecting with the proposed network and 
its buffer zone. The assessment criteria of strategic ecological assessment and land 
acquisition are expressed in terms of affected length of interface and potential land-
take. 
The prototype system developed has been applied to the assessment of a newly 
proposed road network linking Hong Kong with China Mainland. It has been 
demonstrated in this pilot study that the tool developed can serve as a broad-brush 
evaluation tool for assessing the environmental impacts of proposed road networks in 
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CHAPTER 1. INTRODUCTION 
1.1 Introduction 
This is a research on developing a system for the strategic assessment of 
environmental impacts of building road network, with particular reference to noise 
and ecological disturbance. The development of such an assessment system is needed 
to pre-empt and minimize the environmental impacts of infrastructure building and to 
satisfy the increasing environmental aspirations of the modern society. 
Environmental impacts of roads are multi-faceted, traffic noise is one of the 
main concerns, and ecological impacts are significant if roads impinge on ecologically 
sensitive areas. These problems are particularly acute in compact areas like Hong 
Kong where space and site constraints have precluded many alignment options and 
environmental impacts are inevitable. To manage the problem, Environmental Impact 
Assessment (ElA) has been applied in many countries since 1980s to identify, pre-
empt and minimize the environmental consequences of road infrastructure projects. 
Whilst EIA has now been widely adopted, the effectiveness of EIA in 
•protecting the EIA system cannot be overemphasized because of its reactive and 
curative nature (Partidmo, 1996). In recent years, Strategic Environmental 
Assessment (SEA) has emerged as a way to overcome some of the shortcomings of 
project EIA by integrating environmental assessment with comprehensive planning to 
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assure urban sustainability (Shepherd and Ortolano, 1996). Recently, the repeated call 
to do SEA worldwide has shown that SEA is an instrument to ensure that the 
environmental concerns are taken into concern in making policies, plans and 
programmes (PPPs) and is heralded as a tool to assure sustainable development. 
Owing to the short history of SEA and the complex and multi-disciplinary 
process of SEA in transport planning, there is still no standardized assessment 
methodology and tool. Complicated by the limited land, high population density and 
high-rise buildings in Hong Kong, it is essential to develop a tailor-made system to 
facilitate the implementation of SEA of road network in Hong Kong. This is the main 
purpose of this thesis. 
1.2 Objective 
It follows from the above that a “fit for purpose" approach has to be developed 
to facilitate the implementation of SEA on road network. This study emphasizes on 
the assessment of road network instead of a road link because if the EIA is only 
applied to individual road links, the effectiveness of the assessment procedure will be 
limited (section 1.3). The objective of this research is to develop a decision-aid tool 
for a preliminary evaluation of potential environmental impacts of the whole road 
network in the early planning and design processes, so as to minimize the 
environmental impacts and to predict and compare the impacts of different route 
alternatives. Limited by time and resources, this study has developed a system 
focusing on two of the main environmental concerns in Hong Kong, namely noise and 
ecological impacts. 
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In short, the goal of the research is to develop a Regional Strategic Road 
Planning System suitable for Hong Kong to facilitate the integration of environmental 
concerns into transportation and land use planning. 
1.3 Environmental Impact Assessment of Roads 
Environmental Impact Assessment (EIA) has been applied in many countries 
since 1980s to pre-empt and minimize undesirable environmental impacts. In Hong 
Kong, EIA was initially applied as an administrative requirement to projects since 
1986 (Au and Yeung, 1998b) on a vast number of projects including roads and 
highways. In 1998 the Environmental Impact Assessment Ordinance (EIAO) was 
introduced and EIA has to be undertaken for all designated major transport 
infrastructure developments. The potential impacts are evaluated and appropriate 
mitigation measures proposed to minimize adverse impacts. 
While the benefits of EIA are widely recognized and the procedures and 
methodologies of EIA are already well developed (OECD, 1994a), the effectiveness 
of project-based EIAs is limited. Environmental assessment for road links is often 
criticised for ignoring issues like cumulative, global and long-term impacts (Lamure, 
1997). As project-based EIAs are based on individual road links rather than the whole 
road network, wider cumulative impacts, and efforts on habitats and species due to 
progressive habitat loss and fragmentation are often overlooked (Treweek et al, 1996, 
1998). Furthermore, because of their limited scope，many project-EIAs have also 
ignored the evaluation of alternatives and options. Thus, there have been repeated 
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calls to shift the focus of assessment from project-based road segments to the 
evaluation of road network (Brown and Patterson, 1990; OECD, 1994a). 
Another criticism of project-EIA is that the environmental assessment is often 
undertaken in parallel with, and hence, divorced from, the route selection and design. 
The former is often done by environmental professionals whereas the latter by 
transport engineers and there is little interaction and communication between the two. 
An undesirable outcome of this separation of duties is that once the route is selected 
and gazetted, any modification of the alignment and road segment design is rather 
difficult and practically limited (Brown and Affum, 1996). 
For example, in project-based noise assessment, if it is found that the proposed 
new road is going to impinge significantly on existing noise sensitive land uses and 
create unacceptable noise levels, the tendency is to provide reactive mitigation 
measures rather than to modify the road network because road network planning is 
undertaken at an earlier and higher level. As a result, project-EIAs are largely 
curative rather than preventive. Noise reduction is mainly achieved through screening 
by erection of noise barriers and/or reducing the angle of view to noise sources. If 
those measures are still not adequate, the provision of open-textured road surface and 
installation of doubled-gazing windows and air-conditioning in sensitive buildings are 
proposed. Such reactive mitigation measures suffer from high engineering cost with 
ineffective outcome. There are times that even with all these measures, a small 
number of sensitive receivers are still exposed to excessive noise levels. This is 
particularly so in Hong Kong because of the topographical and site constraints and the 
need to give due consideration to engineering or safety factors. 
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In the case of ecological assessment, most project-EIAs rely on field surveys 
and literature search to provide the necessary information on habitat types and species 
likely to be disturbed as a result of the proposed road development. Appropriate 
mitigation measures are then proposed to minimize the adverse impacts and to 
compensate for the habitat loss. In fact，the proper approach to manage ecological 
impacts of road building should be in the order of avoidance, minimization and 
mitigation, and compensation (Environmental Protection Department, Government of 
Hong Kong SAR, 1998). Avoidance is the preferred strategy but can only be attained 
by proper consideration of route alignment and alternatives. Minimization and 
mitigation measures include transplanting of important flora, construction of 
overpasses (ecoducts) and fauna underpass (culverts and tunnels) (cf.. Hunt et al, 
1987; Yanes et al, 1995; Cuperus et al., 1996) and setting up of ecological buffer 
zones (Spellerberg, 1998). While these measures can help prevent and mitigate some 
negative ecological impacts, experience shows that such impacts can never be fully 
avoided (Cuperus et al, 1996). As a consequence, the notion of compensation for 
non-mitigable and irreversible effects is advanced, so that the loss of important 
species and habitats can be provided for elsewhere (on-site or off-site). Example 
includes the "no-net-loss" concept of ecological compensation in the Netherlands 
(Cuperus et al., 1996; Spellerberg, 1998). Unfortunately, the case-by-case assessment 
and mitigation-based approach are neither adequate nor proactive in safeguarding the 
valuable natural capital. Many of the ecological impacts can only be avoided if the 
proper assessment has been undertaken on the whole road network, with particular 
attention to alternative alignments and cumulative impacts. Otherwise, ecological 
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concerns are often neglected until it is too late to avoid potentially adverse effects 
(Lee and Walsh, 1992; Treweek and Veitch, 1996). 
Recognition of the reactive and curative approach of project-based EIA has 
propelled the rapid development of SEA as a tool to make up the deficiencies of 
project-EIA. Because the lack of communication between the environmental and 
design team is partly caused by the absence of broad-brush and user-friendly 
assessment tools for planners and designers, there is thus a need to develop a system 
that can address SEA issues and can be easily handled by both the environmental and 
non-environmental professionals. 
Ideally, a system to be developed should have the following attributes: 
• an effective and efficient means to aid Strategic Environmental Assessment (SEA) 
for road network planning at the regional level 
• a tool to facilitate the incorporation of environmental concerns into transportation 
and land use planning 
• simple, easy to learn and use by non-environmental professionals 
• able to identify the potential impacts/conflicts of different alternative alignments 
• able to quantify the impacts of alternative alignments for comparison 
The potential users of the system are environmental professionals and non-
environmental professionals like the road engineers, transport planners, urban 
planners and decision-makers. 
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To design a system simple and easy to use, GIS is used as the system platform 
which is known for its simplicity, easy data input, user-friendliness, short run time 
and enhanced visualization capability. 
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CHAPTER 2. BACKGROUND TO STUDY 
2.1. Introduction 
This chapter provides the background for understanding the approach adopted 
in the system building and design. It begins with a brief introduction on the process, 
indicators, environmental parameters and methodology of SEA vis-a-viz those of 
project-EIA. As the objective of this research is to develop a SEA system suitable for 
Hong Kong, the chapter will also discuss the unique conditions of Hong Kong which 
warrants special considerations. To facilitate understanding of the concepts of the 
system, the current road project EIAs and SEA systems in Hong Kong are outlined 
and in the final section, an introduction to GIS with respect to its potential application 
in road networks assessment is given. The promises and advantages of choosing GIS 
as the system platform are discussed. 
2.2. Road SEA vis-a-viz Project EIA 
2.2.1 Introduction and Definition of SEA of Road Network 
Strategic Environmental Assessment (SEA) is the term used to describe the 
environmental assessment process for policies, plans and programmes (PPPs) prior to 
the consideration and authorization of individual projects. More specifically, SEA is a 
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formalized, systematic and comprehensive process of evaluating the environmental 
impacts of a strategic action or plan and its alternatives (ECMT, 1998). It is part of the 
decisionmaking process integrating environmental consideration with policies, plans, 
and programmes. 
The meaning of the terms "policy", "plan", and “programme，，vary 
considerably; policies may be called plans in one country and vice versa in another. 
Generally, there exists a progressive planning process that starts with the formulation 
of a policy at the high level, and followed by a plan at the second level and by a 
programme at the bottom end. A policy may thus be considered as the inspiration and 
guidance for action, a plan as a set of coordinated and timed objectives for the 
implementation of the policy and a programme as a set of projects in a particular area 
(ECMT, 1998; OECD, 1994a). 
To date, no country appears to have provided a comprehensive scope of SEA 
coverage, i.e. to all policies, plans and programmes. In practice, transport is one of the 
main sectors covered by SEA (Sadler, 1999) because transport activities have very 
significant implications for the environment. 
2.2.2 SEA as an Improvement on EIA system 
SEA is widely accepted as a suitable instrument to enhance the incorporation 
of environmental concerns in the making of policies, plans and programmes. As stated 
earlier, SEA has emerged as a sustainability assurance tool. 
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The need to apply SEA in the transport planning process has been underscored 
by Lamure (1997) for major infrastructure projects and transport interchanges. It is 
believed that the application of SEA in transport and road planning can enhance the 
environmental assessment process in the following ways: 
2.2.2.1. Proactive Approach 
As SEA integrates environmental consideration with social, economical and 
political factors in the early planning stage，SEA lends itself to the consideration of 
policy-level alternatives and program-wide mitigation measures rather than project-
based decisions (Shepherd and Ortolano, 1996). Planning against transportation noise 
in a compact metropolis like Hong Kong is definitely not an easy task. If potential 
noise problems can be focused at the very outset of planning, there is a high 
probability of meeting the noise exposure standards in the later stages of infrastructure 
planning� 
Figure 2.1 shows the general transport planning process and the different roles 
of SEA and project-based EIA. 
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Figure 2.1 Schematic diagram of the role of SEA and EIA in the transport 
planning process 
1. Estimation of demand  
2. Territorial delineation 
• Identification of compulsory ends 
y • Identification of intermediate locations 
\ • Delineation of areas outside the permissible altitude 
\ • Delineation of areas which should be avoided for other 
V \ reasons  
\ \ 3. Corridor identification 
� � • Identification of major environmental components 
/ S E A / • Delineation of the corridor  
/ / 4. Identification of virtual route/ mode in the corridor 
/ • Evaluation of modes of transport 
/ • Evaluation of the environmental impacts of various routes 
• Evaluation of alternative routes, section by section 
• Determination of the final network  >5. Assessment of individual road links • Subdivision of routes into sections 
• Assessment of the environmental impact of each section 
• Refinement of the alignment technical details 
• Assessment of the need for mitigation measures  
2.2.2.2. Evaluation of Alternatives 
As SEA is carried out in the early planning stage, it is well positioned to assess 
alternatives especially on site-selection, cumulative impacts, synergistic and ancillary 
impacts, as well as impacts at the regional or global scale. 
The consideration of different alternatives and their environmental 
consequences is one of the crucial practices in SEA (Kleinschmidt and Wagner, 1997). 
Alternatives in SEA of transport planning include alternative ways of meeting traffic 
demand, alternative transport modes, alternative mix of road or transport system, 
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alternative site and alignments. The "do-nothing" option is also an alternative as well 
as a reference (OECD, 1994a). 
2.2.2.3. Managing Cumulative Impacts 
Being a regional-based assessment tool, SEA can take into account cumulative, 
synergistic and macro-environmental issues much better than can project-EIA. Recent 
studies developed as part of the Australian environmental impact assessment (EIA) 
review process (Australian Commonwealth EPA 1994) demonstrates clearly the 
advantages of SEA in cumulative effects assessment (Partidario, 1996). 
Whilst SEA can address the shortcomings of project EIA, undertaking SEA is 
fraught with many difficulties. Since SEA has moved environmental assessment 
upstream in the planning process, it has to deal with greater uncertainties arising from 
ambiguities in the details of policies, plans and programmes. For example, if only a 
tentative route alignment is available for the road network, it would be difficult to 
assess local effects (noise pollution, visual effects, effects on natural sites) in 
quantitative terms at the strategic level. A more definitive assessment can only be 
carried out when the network becomes more concrete or at the corridor level (ECMT, 
1998). 
Accordingly, the SEA procedures have to have greater flexibility and 
adaptability to overcome the high degree of uncertainties in the assessment. But the 
SEA can only give an approximation, paving the way for a detailed EIA when the 
route is firmed up. 
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2.2.3. The Environmental Indicators of Road Project EIA and SEA 
Indicators used in environmental assessment help focusing on key issues and 
making judgments about environmental risks and impacts (Sadler, 1999). It is usually 
difficult to differentiate indicators for EIA and SEA, as indicators can vary from 
project to project, depending on the study objectives, data availability, etc. Table 2.1 
gives an overview of the environmental indicators commonly used the EIA and SEA 
of roads in other countries. 
Table 2.1 Environmental parameters and indicators in the environmental 
assessment of roads 
Environmental Examples of Indicators 
Parameters  
Geotechnical • Relief 
• Slope stability  
Land • Ownership 
• Land resumption 
• Land severance  
Energy • Energy consumption 
• Green house gas emission  
Ecological • Loss or damage of habitats and species 
• Disturbance to ecological sensitive areas 
• Severance to wildlife movements  
Air • Emissions or concentrations of pollutants (e.g. CO, CO2, NOx, 
SOx, VOCs, particulate matter) 
• Population affected . 
Water • Impact on stream habitats and downstream water quality  
Visual • Scale and key physical characteristics  
Noise • Noise levels such as Lio, Leq，etc. 
• Length of affected interface 
• Population affected 
• Period of exposure  
Accidents • Risk, fatality and injury rates  
Cultural • Historical, archeological sites of importance 
heritage  
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2.2.3.1. Tiering Approach with regard to Selection of Key Issues in SEA 
SEA often has to deal with complex and multi-disciplinary considerations and 
can encompass a lot of information. In order to streamline the SEA process, a tiering 
approach is commonly employed such that different data and information of different 
resolution levels are provided at different stages of investigation. Tiering means a step 
by step application of environmental impact analysis appropriate at different stages of 
planning and assessment. 
The advantages and need of tiering are stressed by the US Council on 
Environmental Quality and Swedish National Road Administration. Tiering can 
eliminate repetitive discussions and to focus on the actual issues ripe for decisions at 
each level of environmental review (OECD, 1994a). 
Examples of adopting the tiering approach in SEA include a two-tier system in 
the Netherlands. It comprises an environmental (E) test for draft legislation and 
"Strategic Environmental Impact Assessment" (SEIA) for a number of sectoral and 
spatial plans and programmes (Sadler, 1999). In Hong Kong, the Territorial 
Development Strategy Review (TDSR) (Planning Department, Hong Kong 
Government, 1996) adopted a two-tier process to evaluate options. In the first tier, the 
assessment is based only on several key performance measures to shortlist the 
preferred options. After that, additional performance measures are applied for a more 
in-depth evaluation of the preferred options in the second tier. 
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2.2.4. SEA Approaches 
There are two approaches of SEA. The first is the "bottom-up" approach 
which is the expansion of the scope of project-level to higher-level assessment of 
policies，plans, and programmes. The second is the "top-down" approach which 
involves the establishment of the sustainability principles and the subsequent trickling 
down of sustainability concepts to PPPs, and then to projects (Paitidario, 1996; 
Shepherd and Ortolano, 1996). In practice, SEA has largely evolved upward from the 
environmental assessment of projects, rather than downward from a set of broader 
objectives. This is probably because methods for project-level EIA are more 
established and better known than are methods for top-down SEA based on 
sustainability principles (Shepherd and Ortolano, 1996). This is particularly so in 
countries where there are long and extensive experiences with project EIA, where 
SEA can be seen as a natural extension of existing EIA practice to higher levels of 
decision-making (Paitidario, 1996). 
2.2.5. The SEA Process 
The strategic planning of urban transport infrastructure has always been a 
critical issue for decision makers (Aifandopoulou et al, 1995). The task of adopting a 
particular route alignment for roadways and highways is complex and challenging. 
Tracing the final alignment for a highway involves making decisions and assessments 
based on a large set of criteria, which can be complementary to or competing with 
each other (Sadek et al., 1999). 
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The SEA process is still at a relatively early phase of development, 
comparable to the stage of EIA in 1980's. However, it is evident already that SEA can 
take multiple forms and employ diverse methods and procedures (Sadler, 1999). SEA 
for policies differs in its procedure from SEA for plans and programmes 
(Kleinschmidt and Wagner, 1997). Where plans and programmes incorporate specific 
projects and activities and have direct environmental effects, EIA-based procedures 
and methods have obvious application and are widely used. Many of the steps in SEA 
processes are the same as in project EIA. For boarder policies, however, where the 
environmental effects are indirect and diffuse, more flexible forms of procedure are 
preferred or else other approaches, such as environmental appraisal, are undertaken 
(Sadler, 1999). The system developed in the thesis is targeted for plans and 
programmes with well-defined goals. 
The ECMT (1998) defines the various components of the SEA of transport 
planning as : 
1. Screening to determine the need for SEA at the planning stage 
2. Determining the objectives of the strategic action and the environmental goals 
and/or targets 
3. Scoping to identify: 
• physical/regional limits; 
• impacts to be addressed; 
• alternative actions or scenarios that need to be assessed, 
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4. Carrying out of the SEA; 
• predicting the environmental impact of the action and its alternatives; 
• evaluating the significance of the impacts in the context of promulgated 
environmental objectives; 
• proposing recommendations on preferred alternatives, mitigation and 
monitoring measures. 
5. Preparation of the SEA report for review by competent authority. 
6. Consultation with Environmental Authorities and public participation. 
7. Decision-making taking into account the findings of the SEA and public 
consultation. 
8. Making arrangements for monitoring. 
9. Conducting post project analysis 
It can be seen from the above that SEA can involve a big volume of data; 
creation of huge transport infrastructure data base; specification of alternative 
solutions; assessment of the impacts of alternative proposals; testing of alternatives 
scenarios and evaluation of the results; presentation of results and justification of 
proposed solutions. All of these are time consuming to transport planners 
(Aifandopoulou et al., 1995) and any tool that can streamline and facilitate the process 
during the planning process will be much welcomed. 
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2.3. Methodologies and Tools for SEA 
Up till now, SEA has been considered much more on the theoretical ground 
than at the practical level, because unlike conventional project EIA with commonly 
agreed analytical methods (Sadlar, 1996)，SEA methodologies are neither well-
developed nor commonly agreed upon (Therivel et a/., 1992). 
The methodologies and tools used for SEA can fall into the following 
categories (ECMT, 1998): 
The first category is based on those already employed in project level EIAs 
and further adapted for use at a more strategic level of assessment. Because EIA 
methods are both numerous and diverse (e.g. checklists, matrices, mapping methods, 
prediction methods and evaluation methods) (OECD, 1994a), some can be applied for 
SEA with modification. For instance, Bond and Brooks (1997) have produced a 
strategic appraisal framework to aggregate the environmental and socio-economic 
impacts for each alternatives onto a single matrix and compares the matrices for each 
alternative to determine the BPEO (Best Practicable Environmental Option) for 
proposed transport schemes in United Kingdom. 
The second category is based on those already used in policy analysis and 
planning studies. They include various forms of scenario and simulation analysis; 
regional forecasting, input-output analysis, site selection and land suitability 
evaluation, policy and programme appraisal techniques (multi-criteria analysis, goals 
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achievement analysis, cost-benefit analysis, sensitivity analysis and other economic 
evaluation techniques), systems modeling, and Geographical Information System 
(GIS). The application of GIS will be elaborated in subsequent sections. 
The third category comprises of new assessment methods and tools that are 
currently being developed to address issues specific to SEA; e.g. methods for life 
cycle analysis (LCA) and for cumulative impact assessment. 
The last category includes literature search，expert judgment (Delphi survey, 
workshops, interviews), and consultation with non-experts. 
2.3.1. Needs for Tailor-made SEA Tools 
As most of the countries today employ the "bottom-up" approach of SEA, EIA 
methods are commonly applied in SEA with modification. However, the difficulties 
of transposing of project EIA methods to SEA are well known (Kleinschmidt and 
Wagner, 1997). Some existing EIA methods for assessing environmental impacts of 
projects are so inflexible that they do not lend themselves readily to large scale 
developments (Losee and Brown, 1996). This is typically true for the application of 
prediction models developed for project level EIAs to SEA analysis. Since 
conventional EIA practices are often restricted to studies of the impacts of localized 
regions, the applicability of most computer models are good for small areas, 
individual road links and single environmental parameters. Such methods also 
demand the input of very detailed data for high accuracy prediction. It is thus difficult 
to adapt project-based methods for regional or strategic assessment, as the issues 
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addressed in project EIAs and SEAs are very different. The methods developed for 
SEA may be wider in scope and areal extent than that for EIA. Moreover, the 
requirement for accuracy in SEAs usually is not same as that for EIAs because of the 
existence of uncertainty. 
In the Fourth European Workshop on Environmental Impact Assessment, the 
question whether the methods used in the project EIA can be applied to SEA was 
raised and very succinctly summarized by Therivel and Partidario (1996) as follows: 
"To he effective, the SEA process needs to begin at the most strategic policy 
level and 'trickle down' to lower tiers of PPP-making. SEA is, to an extent, held back 
by the heavy inheritance of methodologies from project EIA. SEA must assume its own 
status and develop more independently of project EIA.“ 
Whilst very few practitioners dispute the need for the development of new 
methods tailored for SEA, there is still little agreement on what kind of methods 
should be used (Kleinschmidt and Wagner, 1997). This provides the impetus and 
rationale for this thesis whose primary objective is develop a practical system and 
framework for the strategic assessment of road network, particularly in setting similar 
to that of Hong Kong. 
2.3.2. Desirable Attributes of SEA Assessment Tools 
SEA aims primarily at identifying environmental risks or conflicts. According 
to OECD (1994a), methods for SEA need to satisfy the following conditions: 
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1. Be able to consider existing and future geographical space affected; 
2. Can facilitate communication among different players in the planning and 
decision-making authorities; 
3. Can assess the level of attainment of environmental goals, with respect to 
specific effects and their interactions; 
4. Should assist in generating alternatives repeatedly until the solution can attain 
policy goals; 
5. Should preferably be comparative, expressed in quantitative terms and to 
avoid undue aggregation. 
Having reviewed the experiences of the SEA process elsewhere, the needs and 
the requirements of developing a SEA tool for road planning in Hong Kong are 
identified. As the objective of this research is to develop a SEA system suitable for 
Hong Kong, the difficulties and constraints encountered in road building in Hong 
Kong will be discussed. Reasons for choosing Geographical Information System (GIS) 
as the system platform will also be given. 
2.4. Difficulties and Constraints of Road Building in Hong Kong 
Being a rapidly developing city, the demand for the construction of new roads 
in Hong Kong is increasing incessantly. The planning of urban transport infrastructure 
development has become an important issue for decision-makers. However, road 
building in Hong Kong is fraught with numerous hurdles and constraints, such as high 
population density, limited land, and difficult terrain. Potential environmental 
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consequences like air emissions, traffic noise, disturbance on ecological habitats and 
necessity for land resumption are commonly encountered. Because of time and 
resource constraints, this thesis can focus only on two key environmental parameters: 
noise and ecological impacts. The rationale of choosing these two environmental 
parameters are given below. 
2.4.1. Traffic Noise Problems in Hong Kong 
Hong Kong is one of the noisiest cities in the world, the problem being 
compounded by high population densities, severely constrained space, mixed land use 
patterns, high traffic volumes and congestion, as well as incessant activities in rail and 
road building (Wong, 1996). As in other cities, the acoustic environment in Hong 
Kong is dominated by road traffic noise (Brown and Lam, 1987). Hong Kong's roads 
have one of the highest vehicle densities in the world, the continual construction of 
roads will result in new transportation noise sources encroaching upon noise sensitive 
land uses, hence giving rise to noise nuisance. 
Owing to the high population density and scarcity of land, a high proportion of 
residential premises in Hong Kong are in close proximity to heavily trafficked 
roadways. The number of people affected by transportation noise is enormous. As 
studied by Brown and Lam (1987), Hong Kong residents are exposed to more external 
traffic noise in their dwellings than are the urban populations of either England or the 
USA. A third of them are exposed to unacceptably high levels of traffic noise. 
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2.4.2. Noise Emission vs Noise Immission Assessment 
The compact and high-rise nature of urban development in Hong Kong has 
also raised special concerns on how traffic noise assessment should be carried out. In 
traffic noise assessment, there are two distinct assessment approaches, which 
according to Brown (1990), are called noise "emission" and noise “immission，,. 
Noise emission represents the noise level at the kerb side of the roadway. It is 
based the strength of the noise source and determined by traffic flow, mean vehicle 
speed, composition of traffic and gradient of roadway. 
Because noise emission levels can only tell how "noisy" the roads are, Brown 
and Patterson (1990) alerted the deficiency of assessing the acoustic environment by 
referring to roadside noise emission levels only. A number of reasons have been 
advanced. Firstly, traffic noise emissions become only a problem when adjacent land 
uses are sensitive to noise. For example, the environmental concern of a “noisy，，road 
passing through the industrial areas is not as serious as passing through the residential 
areas. Secondly, the density of noise sensitive uses is not uniform. A high noise 
roadway with adjacent high-density residential land use will affect more people than 
the one with adjacent low-density residential area. Finally, the level of traffic noise at 
adjacent land uses is critically dependent on the propagation distance from the source 
roadway. The high traffic highway with wider road reservations may, for example, 
have less noise impacts than those arterial links where the dwellings are close to the 
roadway noise source. 
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On the other hand, noise immission represents the noise level at the facade of 
the dwelling units, it considers not only the source strength at the roadside but also the 
attenuation due to distance, barrier, ground effect, angle of view; reflection, facade 
and opposite facade effect. Having regard to the adjacent sensitive uses and the 
propagation components, noise immission levels give a better picture about the actual 
noise “impacts” experienced by the sensitive receivers. 
In other words, emission refers to the strength of the noise at source whereas 
immission refers to the noise exposure of the sensitive receivers such as dwelling 
units. Most project-EIAs are based on immission in their noise assessment. 
Brown and Patterson (1990) demonstrated the differences of estimating the 
noise exposure at dwellings rather than the noise emission generated from the road 
network. The difference between the two is illustrated in Figure 2.2 and Figure 2.3. 
The former figure indicates that a large proportion of the roadways in the network 
appears to be generators of road traffic noise, but having examined latter figure, it is 
realized that many of the noise generators are adjacent to non-residential land uses or 
are far away from adjacent dwellings. If the distinction between noise emission and 
immission is not recognized, erroneous conclusions can be drawn about the location 
and nature of the road traffic noise problem and about where resources for remedial 
actions should be directed (Brown and Patterson, 1990). It is only through evaluation 
of the noise immission levels that planners can focus attention on pollution hot spots 
in the network where remedial actions are warranted. 
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Figure 2.2 Noise emissions levels from roadways 
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Figure 2.3 Levels of road traffic noise immission to dwelling facades adjacent 
to the modeled road network 
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It follows from the study of Brown and Patterson (1990) that in a compact and 
high-rise city with diversified urban layout forms like Hong Kong, noise immission is 
the most appropriate measure of noise impact rather than noise emission from 
roadway links. 
2.4.3. Ecological Resources in Hong Kong 
Though Hong Kong is small in area, it has remarkably rich and diverse 
ecological resources (Department of Ecology & Biodiversity，the University of Hong 
Kong, 1999). For example, Hong Kong has only 1% of the area of Guangdong but it 
has almost half as many amphibians (23 versus 51 species) of the latter. 460 species 
of birds are found in Hong Kong while China, which is 9,000 times larger than Hong 
Kong, has only 1,200 species. There are 21 species of bats in Hong Kong, only 30 are 
found in all of Europe. In addition, there are 225 butterflies, 107 dragonflies, 73 
reptiles, 55 mammals, 22 frogs, 1,900 flowering plants in Hong Kong are all more 
than those in the United Kingdom which is 225 times larger. There are also endemic 
species like Romer's treefrog and globally endangered species like Black-faced 
spoonbill in Hong Kong (Dudgeon, 1999). 
The Mai Po Marshes, interdial mudflats at Inner Deep Bay, together with the 
fishponds within the Deep Bay Wetland Conservation Area, have been designated as 
the Ramsar Site since 1995. It is the Ramsar Site in the People Republic of China 
and is a staging post on the migratory route of the Black-faced spoonbill. In addition, 
there are 23 Country Parks and 15 Special Areas. The total area now managed under 
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the country park system is 41,582 hectares covering 38% of total land area in Hong 
Kong (AFCD, 1999). 
The rich and diverse ecological resources in Hong Kong are protected by a 
framework of legislation, guidelines and conventions. For instance, plant species that 
are attractive and subject to collecting are protected from damage under the Forest and 
Countryside Ordinance (Cap 96); mammals, birds, and other rare animals are 
protected from trapping and disturbance under the Wild Animals Ordinance (Cap 170) 
(AFCD); ecological important habitats like the Mai Po marshes are protected under 
the Ramsar Convention, Bonn Convention and the Wild Animals Protection 
Ordinance (Cap 170); Coastal Protection Area, SSSI, Conservation Area are 
designated and protected under the Town Planning Ordinance (TPO); Country Parks 
and the Special Area are conserved by the Country Parks Ordinance (Cap 208). 
However, there is a limit to what these laws can do, and linear developments like road 
networks construction often impinge on important habitats causing disturbance to 
areas of ecological value. Examples of direct ecological effects of roads and traffic 
include habitat loss, habitat disturbance, barrier action and casualties of fauna and 
flora (Spellerberg, 1998). Given the environmental implications of road building, it is 
important in transport planning that the planners and designers must seek ways to 
avoid and minimize the environmental impacts associated with the roadway. 
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2.5. Environmental Assessment Systems in Hong Kong 
EIA in Hong Kong has gone through a number of stages of development. EIA 
has been applied to projects since 1986，to plans since 1988, and to strategies and 
policies since 1992 (Au, 1998a). Since the implementation of the Environmental 
Impact Assessment Ordinance (EIAO) in 1998, EIA is mandatory on all major 
transport infrastructure developments. However, there is as yet no explicit statutory 
guidelines on the requirements for the undertaking of SEA for assessment of road 
network. 
For assessment of project EIAs, environmental impacts can be quantified by 
environmental models which are mathematical representations of key processes and 
interactions of environmental systems (Sadlar, 1996). Examples include CRTN88 and 
Caline4 which are extensively used for assessing the impacts on noise and air quality 
respectively. 
2.5.1 Noise Assessment in Project EIAs 
In the noise assessment of road projects, noise models like CRTN88 
employing the receptor-oriented approach are used to predict the noise immission 
exposure of sensitive receivers. Information of the noise source strength components 
(e.g. traffic flow, vehicle speed, vehicle type, roadway surface and gradient, free-
flowing or stop-and-go traffic, acceleration, steady or deceleration traffic) and the 
propagation variables (e.g. distance between receptors and roadway, height of 
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receptors above ground surface, ground cover type, screenings effect due to 
topography between roadway and receptors, barriers, angle of view, facade and 
opposite facade reflections effect) contributing the noise levels are entered for precise 
noise prediction. 
2.5.2 Difficulties in Transposing Project EIA Noise Prediction Methodology to 
SEA 
Development of road network can occur at widely varying scales and 
environmental analysis techniques may not be readily adapted to different scales of 
development (Losee and Brown, 1996). This is particularly true in carrying out 
strategic noise assessment in high-rise cities like Hong Kong. 
While the application of traffic noise exposure prediction models is a standard 
practice, the method fails to aggregate the effects at the macro level on regional road 
network. It is very time-consuming, if not impossible, to apply project based 
methodology to SEA for a large region. The amount of work involving in retrieving, 
digitizing, input and analysis of complicated propagation variables such as location, 
distance, angle of view, shielding conditions, orientation of window openings, number 
of floors, nature, number of dwellings of all the sensitive buildings is horrendous. 
Moreover, SEA considers not only the situation at the present time but also of 
the distant future. Attention should be given not only to existing sensitive buildings 
but also to possible sensitive buildings that might be built on at a later date (OECD, 
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1994a). Thus, both existing noise sensitive receivers as well as new buildings to be 
constructed have to be included in the assessment. 
2.5.3 Road Project Ecological Assessment 
As regards ecological assessment, field surveys and literature review are 
conventional approaches used to identify habitat types and species likely to be 
affected by the proposed road development�The spatial location and size of the 
potential habitat loss is estimated through map overlay. After evaluating the potential 
impacts, mitigation measures are then suggested to avoid, minimize or compensate the 
ecological impacts. 
2.5.4 Need for Proactive Nature Conservation 
The limitations of project EIA in safeguarding the valuable natural capital are 
widely acknowledged. In most cases, the ecological assessment has been carried out 
in depth after the preferred route options have been selected and the network firmed 
up. Environmental consultants are often very reluctant to carry out extensive field 
surveys for many route options. As a result, ecological concerns are often neglected 
until it is too late for potentially adverse effects to be avoided (Lee and Walsh, 1992; 
Treweek and Veitch, 1996). Furthermore, road development consents are often 
applied for and granted on a case-by-case basis, the assessment undertaken at the 
project level often fails to take account of the wider cumulative impacts effects due to 
progressive habitat loss and fragmentation (Treweek et al., 1996, 1998). 
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These shortcomings may lead not only to irreversible ecological impacts, but 
also in severe social conflicts and public objections. If the planner can alert the 
intrusion of significant ecological habitat and re-route the alignment early in the 
planning process, the adverse ecological impacts together with the social conflicts can 
then be avoided, and the time for re-designing and public consultation reduced�The 
integration of the SEA with transportation development process seems to be a solution. 
2.5.5 SEA Systems in Hong Kong 
Hong Kong Special Administrative Region (HKSAR) is recognized 
internationally as one of leading jurisdictions in the use of SEA particularly in relation 
to sustainability issues (Sadler, 1999). Examples of SEA in Hong Kong include the 
Territorial Development Strategy Review (TDSR) completed in 1996 and the Third 
Comprehensive Transport Study (CTS-3) completed in 1999. 
TDSR, completed in 1996，is the strategic level environmental assessment of 
the medium and long-term territorial development strategies in Hong Kong. The 
TDSR has constructed a strategic land use-transport-environmental framework for 
Hong Kong up to year 2011 to cater for a total of 8.1 million population, a great 
variety of alternatives are assessed (two scenarios and more than 22 options) on an 
array of environmental parameters. Territory-wide models are used to assess 
cumulative environmental implications on sewage, water quality, noise and air quality, 
waste disposal and ecology. A two-tiered evaluation process was adopted for the 
preferred options. Proposed Strategic Growth Areas and high priority schemes will 
undergo detailed EIAs prior to implementation. 
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The TDSR has only performed noise emission assessment using the 1994 
Annual Traffic Census (Planning Department, Hong Kong Government, 1996). Table 
2.2 shows the performance measures and assessment criteria used in the study for 
noise assessment. 
Table 2.2 Performance measures/ assessment criteria for noise assessment in 
TDSR 
Noise Used in Used in hybrid 
initial and preferred 
options options  
Rail Traffic 
— — — — ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ I I „ , , , . , 
1. DIRECT INTERFACE WITH RESIDENTIAL AREAS - * 
2. ESTIMATED VOLUME OF ROLLING STOCK - * 
3. PEAK FLOWS - * 
Major Road Links  
1 • DIRECT INTERFACE WITH RESIDENTIAL AREAS * * 
2. INTERFACE WITH OTHER NOISE SENSITIVE RECEPTORS - * 
3. ESTIMATED NOISE LEVELS 二 * 
4. LENGTH OF INTERFACE OF INDUSTRIAL AND RESIDENTIAL AREAS * * 
5. POPULATION WITHIN THE N E F 25 CONTOUR * -
6. Estimate the relative noise levels compared to the - * 
existing situation  
The key environmental outcomes of the TDSR include the elimination of 
major environmentally unacceptable and undesirable development options, 
identification of environmental constraints and potential adverse impact due to the 
preferred options, consideration of indicative mitigation requirements and outline 
environmental follow up plans and sectoral policies, key input to inform public debate 
raising the awareness on the need for environmental sustainable development. 
The Third Comprehensive Transport Study (CTS-3) completed in 1999 is a 
strategic study on the policies and projects of the territorial-wide transport 
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development in Hong Kong. It focuses on air, noise, and ecological aspects of the 
environment. 
A baseline report has been produced to provide background information on 
environmental quality in terms of air, noise and ecology of the Hong Kong territory. 
The baseline air quality study has also identified areas where air pollution is of 
concern. In the ecology baseline study, ecologically sensitive areas have been 
delineated and these are where new transport infrastructure projects should avoid. 
Ecological appraisals are conducted when new infrastructure projects are planned in 
proximity to ecological sensitive areas. The potential loss of habitats has also been 
identified for proposed infrastructure projects. 
A baseline noise study has been performed in CTS-3 for comparison of 
transport scenarios. Noise immission assessment was intended and about 200 major 
roads are selected and considered. Residential areas with major interfaces with these 
roadways have been looked at. The second level of screening is to identify the 
sensitive use of all the buildings fronting those "noisy" roadway sections. If 50% or 
more of the buildings fronting a particular roadway section are considered as noise 
sensitive, that roadway section is included in the analysis. Based on the shortlisted 
roadway sections, the existing road traffic noise levels (Lio (1 hour) dB(A)) at their 
nearest NSRs are calculated. This method has a severe drawback because the 
immission assessment based on at the nearest noise sensitive receiver cannot represent 
the situation of many other dwellings in a housing estate. The results can be over 
conservative. 
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In order to estimate the number of people exposed to "excessive" road traffic 
noise in the CTS-3 study, site visits were carried out in a range of locations for 
estimating the number of dwellings fronting the nearby major roadway sections. 
Assuming a population dwelling ratio of 4 per household, the number of population 
exposed to severe road traffic noise is estimated and presented for each concerned 
area. 
For other transport scenarios, the noise exposures of the population on these 
roads are calculated taking into account new road infrastructure and population 
growth, and are finally compared with the base year (1997) conditions. 
Owing to the large study area, vast amount of data and scenarios, and 
laborious field surveys, the two SEA studies mentioned suffer from the common 
deficiency of a lengthy study period, taking 2 to 3 years. The outcome is that when the 
study is completed, the situation may have changed drastically and the results may no 
longer applicable. Moreover, the output would be too cumbersome for the planners 
and decision makers who focus primarily on the design and evaluation of the 
environmental-preferable scenarios during the early planning stage. 
To sum up, strategic environmental assessment is by definition a broad-brush 
assessment exercise. Its purpose is to provide a rough estimate of the possible impact 
and come up with a preferred route or design, accuracy and precision in the initial 
assessment are not the major considerations. Once the preferred option is identified, 
the alignment can be fine-tuned and the mitigation measures defined and a more 
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precise assessment is then undertaken using more sophisticated tools that are used in 
project level assessment. 
As a consequence, the present study attempts to develop a SEA tool to 
perform rapid broad-brush assessment to facilitate timely environmental feedback into 
the design process, so that the planning decisions can be made with knowledge of 
environmental impacts and remedial measures. 
Because strategic noise or ecological assessments are both spatially-
referenced issues, GIS is an appropriate system platform to develop the desk-based 
approach strategic environmental tool. 
2.6. Use of Geographical Information System (GIS) as a Platform 
In broad terms, Geographical Information System (GIS) is a systematically 
designed, spatially indexed approach for organizing information in space to facilitate 
analysis of relationships between different social, economic and environmental 
variables (Environmental Department, World Bank, 1996). As defined by the U.S. 
Federal Interagency Committee on Digital Cartography (1988)，GIS is a system of 
computer hardware, software, and procedures designed to support the capture, 
management, manipulation, analysis and display of spatially referenced data for 
solving complex planning and management problems. 
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2.6.1 Potentials and Advantages of GIS Approach 
It has been highlighted in the above that SEA of road plans has to deal with 
complex environmental, social and economic factors of different scenarios, 
alternatives and time frames. One of the common difficulties encountered in SEA is 
the difficulty in collecting, analyzing，managing，comparing and presenting huge 
amount of data. GIS has emerged and recognized as a powerful tool in collecting, 
storing and analyzing spatial information. It has also been applied in SEA to assist 
transport and road planning. Its major functions are presented in the following 
sections. 
2.6.1.1. Collecting and Systemizing Baseline Data 
The amount of data that might conceivably be relevant to any SEA is 
enormous (Therivel et a/., 1992). The success of SEA largely depends on the 
availability of environmental data, in a form that is accessible, and of a nature and on 
a scale, that is appropriate to the area being studied. A database will need to be 
established to deal with the large amounts of information generated and manipulated 
during impact analysis, synthesis, evaluation and monitoring (Therivel et al., 1992). 
GIS is developed precisely to gather, manage and use information in a 
spatially indexed fashion, it can act as a tool for supporting resource inventories and 
baseline surveys in SEA. As there are always common data for various impacts 
assessment e.g. land use information, using GIS to collect and analyze baseline data 
may not only reduce costs and time, but also enhance the overall assessment, quality. 
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2.6.1.2. Estimating Impacts 
GIS can assist in impact estimation, especially cumulative impacts which are 
often ignored in project-level EIA. GIS modeling techniques also allow complex 
interrelationships to be evaluated within comprehensive spatially referenced databases. 
Techniques like digital terrain modeling, network analysis, proximity buffering are 
routinely used in engineering and environmental applications (Environmental 
Department, World Bank, 1996). 
The principal value of GIS is that it provides opportunity for integration with 
other mathematical models with as many variables as necessary. Each variables can 
be mapped as a layer of information and then updated as required in order to run the 
model and locate the zones which are more or less affected (Moragues and Alcaide, 
1996). 
Moragues and Alcaide (1996) in Madrid have demonstrated the successfulness 
of GIS (IDRJSI) in assessing the air pollution effect caused by traffic. A pollution-
map is generated and cross-referenced with standards maps in order to locate and 
quantify the population affected by the different pollution levels. All the data and 
dispersion algorithm are processed by the GIS On the other hand, an ETIS 
(Environment Transport Integrated planning system) has been developed by the 
TransEuropean Consulting Unit of Thessaloniki (TRUTh S.A.) in Greece. The system 
includes the loose-integration of travel demand forecasting model (EMME/2), air 
pollution model (PAL) and GIS (ARC/INFO). The system supports the integrated 
application of all the tasks involved in the transportation planning process, i.e. travel 
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demand forecasting, development of alternative transport infrastructure and policy 
scenarios, evaluation of the socioeconomic, traffic, and environmental impacts of the 
scenarios, cost-benefit analysis, comparison of alternative scenarios, and graphical 
representation of the involved evaluation indices (Aifandopoulou et a/., 1995). 
2.6.1.3. Identification and Evaluation of Alternatives and Scenarios 
By offering a single and consistent framework for impact analysis across space 
and time, GIS promotes objective analysis of alternatives and provides better 
information about the options to the decision-makers (Environmental Department, 
World Bank, 1996). GIS can facilitate the evaluation of alternatives under different 
presumptions or parameter settings. It may be particularly useful in regional 
transportation route planning and environmental assessment, so as to facilitate 
comparison of different alternative scenarios under particular criteria. 
Zura and Lipar (1995) have demonstrated the promising results from the 
application of GIS on the road and traffic environmental impact assessment and 
optimal room layout selection in Slovenia. Several alignment alternatives are overlain 
for selection of the best alternative alignment. 
A complementary information output from SEA may be the designation of 
regions of areas where existing roads of historical interest should be preserved and/or 
where new road construction should be avoided (OECD, 1994a). 
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2.6.1.4. Preparation of Maps and Reports 
GIS software permits the display of information contained in a database as 
maps and graphs that are easier for people to relate to and comprehend. It also allows 
interaction with the database from the map display (Losee and Brown, 1996). GIS 
files could be used as part of the SEA report, to allow alternative options to be 
compared (Therivel et al, 1992). The enhanced visual representation and user-
friendly interface provided by the GIS do facilitate output and result presentation. 
Once the database and modeling are complete, a wide range of reports, thematic maps, 
statistical summaries or graphs can be created for technical analysis and public 
briefing with little effort (Environmental Department, World Bank, 1996). Converting 
the messy data into more easily understandable maps not only make the public 
participation process more efficient, but also reduce the planner's resistance to 
consider the environmental effects in the early designing process. So GIS can help 
bring environmental assessment further up the planning process. 
2.6.1.5. Management of Data During Monitoring Phase 
The advantages of using GIS in monitoring are its flexibility and interactive 
capability. GIS can help structure and integrate a great variety of information like air 
quality, water quality, soil productivity, habitat data for monitoring process both 
during the construction and operation phases. Specific GIS technologies such as 
remote sensing, aerial photography and satellite imaging system are useful for 
monitoring (Environmental Department, World Bank, 1996). 
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2.6.2 Limitations of GIS 
The critical drawback of the application of GIS would be its relatively high 
initial cost and limitation by the scale of the assessment. For many small projects and 
associated environmental assessment activities, the cost of system acquisition and data 
collection has not always justified GIS development (Environmental Department, 
World Bank, 1996; Sadlar, 1996). The applications of GIS in environmental 
assessment till now are mainly on evaluating very large and geographical extensive 
projects like national forest management, land resource management and large-scale 
urban development and overkill the small projects. But the rapid progress in the 
development of data collection systems (especially satellite-based systems) and 
information management techniques (PC based systems) have made GIS an 
increasing cost effective instrument. It can also reduce the overall costs and 
institutional overlap of environmental information collection and management 
(Environmental Department, World Bank, 1996). 
Though GIS can provide assistance in environmental assessment, GISs are not 
specifically structured for EIA; they are likely to contain many expensive analysis 
capabilities that are not relevant to the specific issues under investigation and require 
highly trained personnel for efficient operation of the system (Sadlar, 1996). Expertise 
in EIA and SEA must be applied in the design of the analysis procedures and selection 
of system extensions suitable for the tasks. 
Although GIS has a relatively short history in Hong Kong, it plays an essential 
role in planning and environmental assessment both in the government and 
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consultancy firms. Geographical information has been used in urban planning， 
environmental planning, land management and utilities management including various 
types of town plans and maps are digitized into GIS format to aid planning analysis. 
Apart from producing different types of town plans, GIS has also been applied 
in Hong Kong for Land-use Suitability Analysis (LUSA) of new major urban 
development in the TDSR. The Computerized Lands Information System (CLIS) 
completed in 1996 by Lands Department, the Land Use Transport Optimisation 
(LUTO) model and the Town Planning Information System (TPIS) developed by 
Planning Department are examples of the GIS-based planning tools used in Hong 
Kong. (Planning Department, Government of Hong Kong SAR, 1997a.) 
For environmental assessment and management, the Agricultural, Fisheries 
and Conservation Department (AFCD) has created digital geographical database for 
water quality and fisheries management. One of the consultancy firms, Atkins China 
Limited, has employed various traffic planning & modeling techniques, including 
EMME2, SATURN and GIS Network in carry out a design for the Yantian Port 
Distribution Road in the east of the Shenzhen Special Economic Zone. 
With the growth in the number of GIS-based systems and the 
comprehensiveness of the database, it is anticipated that GIS will form an integral part 
of transport planning modeling in the future (Jensen and Ferreira, 1992), and hence in 
environmental modeling of transport plans (Brown and Affum, 1996). 
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The spatial analysis, improved display capacities and data integration 
capabilities of GIS provide a medium to conduct transport and environmental analysis 
simultaneously and integrally in the SEA process. If an integrated system succeeds in 
bringing forward environmental analysis in transport planning, environmental 
consideration will have a better chance of influencing the resultant plans (Losee and 
Brown, 1996). The above case studies and experience from other countries and HK 
have proven the great potential of application of GIS in SEA of transport and road 
planning. Further examples of application of GIS in strategic noise and ecological 
assessment of roads are reviewed in Chapter 3 Assessment Methodology. 
2.7. Summary 
In this chapter, the potential and characteristics of SEA in transport and road 
planning in some countries have been reviewed. The special conditions of Hong Kong 
and the necessity to focus on noise and ecological impacts are highlighted. 
With only a relatively short history, SEA does not yet have a generally 
accepted and well-developed procedure and methodology. The thrust of the research 
is thus one of developing an effective information and planning tool to assist the 
implementation of SEA of transport network planning for Hong Kong to suit local 
conditions and address key issues (e.g. noise, ecology) of local concern. 
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Overseas experience indicates that SEA should be: 
• simple and easy to use; 
• open and able to integrate with other assessment or planning tools 
• robust with respect various application environments (Sadek, Bedran and 
Kaysi, 1999). 
• broader in perspective than project EIA; 
• able to deal with cumulative impacts; 
• able to handle, manage and analyse huge amount of data; 
• flexible in adding or modifying evaluation criteria; 
• select key issues with right indicators and level of details; 
• able to present legible results; 
• able to compare different alternatives; 
GIS provides is a promising candidate for providing a suitable platform for 
developing a tool for SEA. The spatial data collection, management and analysis 
power of GIS can assist baseline data collection and systemization, impacts estimation, 
alternatives and scenarios identification and analysis, output presentation, data 
management during monitoring and public participation in the SEA process. With the 
support of overseas successful cases and experiences, GIS is expected to have high 
potential in application in strategic environmental assessment of transport planning in 
Hong Kong. 
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CHAPTER 3. ASSESSMENT METHODOLOGY 
3.1. Introduction 
Given that noise and ecology are the major two concerns often encountered in 
SEA studies of road network development in Hong Kong, this chapter naturally 
focuses on these two issues and discusses the development of appropriate assessment 
methodologies for this research. Because land is a scarce resource in Hong Kong and 
its acquisition is an important consideration in many public sector projects, this study 
has also considered the appropriate methodology to assess potential land conflicts and 
land acquisition for roadways development. Prior to the description of the research 
framework and procedure, for each of these three issues, the following paragraphs 
will discuss the major considerations, the rationale for choosing the method adopted 
in this study and the pros and cons of using that assessment methodology. 
3.2. Noise Impacts 
3.2.1. Previous Overseas Experience of Strategic Noise Assessment Using GIS 
A number of GIS-based strategic noise assessment tools have been developed 
in other countries to evaluate the noise impacts of route alignments (Brown and 
Affum, 1996; Sadek, Bedran and Kaysi, 1999). Despite there are significant 
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differences between these tools, there is one thing in common - GIS has been used as 
the platform for the assessment because of the spatial nature of roadways and noise 
sensitive receivers. A fundamental difference between some of the methods developed 
is whether the noise assessment is based on "emission" or "immission". The former 
refers to the intensity of noise emitted from the roadway and the latter to the level of 
noise received by nearby sensitive receivers. 
3.2.1.1 Noise Emission Approach 
For most of the strategic noise assessment of transport projects, only noise 
emission on the roadside rather than noise immission experienced by the receivers is 
assessed. For example, the earlier work of Brown (1989) attempted to depict those 
suburbs and road segments in which changes in roadway noise emission might occur, 
and Taylor and Anderson (1988) assessed different road network options based on the 
noise strength of different road links. Sadek, Bedran and Kaysi (1999) developed a 
GIS-based model to perform noise emission assessment and multi-criteria evaluation 
for various route alignments. Use of the GIS platform allows a large data base to be 
processed, including existing roads, buildings, land cover, land use, topography, river 
and streams, geology and soil, depth to groundwater which are overlain to provide the 
required information. Then, noise emission exposure contour maps are generated to 
provide an indication of the spatial extent of unacceptable noise levels adjacent to the 
roadways. 
As stated by Brown and Patterson (1990), what really benefits the road and 
land use planners is the knowledge of the extent and magnitude of exposure of 
sensitive land uses to high levels of road traffic noise, rather than the length and 
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location of roadways which emit high noise levels. Thus, noise immission assessment 
is regarded as a more appropriate approach. This is more so in Hong Kong because 
neighbouring residential dwellings flanking the same roadway may be exposed to 
very different noise levels because of the complex building geometry and of different 
degree of acoustical shielding caused by the podium and other screening structures 
(Lam, 1999). 
3.2.1.2 Noise Immission Approach 
The feasibility of using GIS to assess the traffic noise immission levels of road 
networks has been demonstrated by Brown and Affum (1996). Using the UK 
CRTN88 method (The Transport and Road Research Laboratory and the Department 
of Transport, United Kingdom, 1988), noise imission levels impinging on dwellings 
abutting the roadways were computed on a link by link basis and aggregated to obtain 
the overall network level impacts. They have successfully developed a practical 
methodology for overcoming the critical difficulties of acquiring data on the locations 
and types of the sensitive land uses to estimate the traffic noise immission levels 
received by the sensitive receivers adjacent to the noisy roads. 
Since the effect of road noise is mostly experienced by the first front rows of 
dwellings along the road (Brown and Lam, 1994; Brown and Affum, 1996), their 
model is designed to estimate the noise impacts on the frontal dwellings only. This 
eliminates the complex calculation involved in estimating the noise impacts at the 
second and subsequent rows of dwelling due to the need to take into account the 
shielding effects provided by the front rows. 
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The approach to capture the land use data is making use of aerial photographs 
(raster images) of the area, road networks layer, and a comprehensive cadastral 
database containing detailed information on each property in the area. The number of 
dwelling units and locational data are inputted for each link. Through overlaying the 
street network layer onto the raster image, the user then clicks on the border of the 
building (serving as the fagade) and certain specified parameters of the land use are 
registered automatically. These include the locational x-, and y-coordinates, the 
distance from the street centre-line to that property, the associated street link 
identification number and distance from start node of the link. As raster images 
cannot reveal the height, number of floors, number of dwellings, orientation of the 
windows and land use type of the buildings, such information has to be gathered 
through field surveys. However, this work is relatively simple in western cities 
because houses on the same street are mostly of similar geometry, height and setback 
distance. 
Brown's system does provide a valuable framework for the approach and 
structure of the strategic traffic noise assessment tool. However, such an approach 
cannot be directly transposed to Hong Kong for several reasons. 
Firstly, Brown's study was carried out in Australia where the dwelling units, 
like those in many other western countries, are mostly of the low-rise type and which 
also show relatively little variations in building form and geometiy. Hence, the noise 
propagation factors, such as distance, height and angle of view between the roadway 
and the dwellings along the same street are similar. Therefore, a relatively simple 
assessment tools is adequate for noise immission assessment task. Nonetheless, this 
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approach may not be appropriate for compact high-rise cities likes Hong Kong. The 
latter has very varied urban forms which warrant some slightly more complicated 
assessment techniques. 
Furthermore, it is very time-consuming and laborious to carry out extensive 
site visits to ascertain the height of the building, the number of floors and the number 
of flats on the same floor. Because the purpose of SEA is to perform a broad-brush 
evaluation of the noise impacts of various route alternatives in strategic planning, an 
elaborate procedure is not warranted. A complicated assessment tool would not only 
hinder the planning process, but also increase the reluctance of planners to consider 
environmental consequences of any preliminary plan. So it is the purpose of this study 
to develop a simple and effective evaluation methodology for broad-brush estimation 
of the noise immission levels without the need for extensive site visits. 
3.2.2. Development of An Appropriate Assessment Methodology for Hong Kong 
To approach the problems mentioned above, this study has developed a 
method involving two steps, (1) noise emission estimation and (2) a simple emission 
to immission transformation based on the urban form. 
Theoretically, the most accurate prediction is based on the assessment of the 
noise immission level received by each noise sensitive receiver (NSR) adjacent to the 
roadway. This unfortunately is a laborious, time-consumption and difficult exercise. 
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However, owing to the large amount of work involved in acquiring detailed 
building layout plan for each receiver, such a laborious and time-consuming approach 
is not appropriate for noise immission assessment for a large region. 
The alternative approach developed in this study is achieved by firstly 
estimating the noise emission level of the road segment which is a relatively simple 
task. A further step is taken to derive some adjustment function based on noise 
propagation attributes so that the emission data can be transformed to noise immission 
levels. It is believed that the noise propagation attributes are determined by the urban 
form and building layout. 
Of course, it is important to ascertain that there is indeed a significant 
relationship between a particular urban form and the associated emission-immission 
transformation function. 
3.2.2.1. Noise Emission Assessment 
It is quite a simple procedure to assess the noise emission levels from a 
network of roadways provided that the traffic flow, the mean vehicle speed and the 
composition of traffic are known for each link of network (Brown and Patterson, 
1990). Of course for the strategic noise assessment of a road network, information of 
the following should also be available (i) route alignments and the corresponding 
traffic flow data of the subject roadway; and (ii) land use adjacent to the subject 
roadway. Route alignment is usually provided by the project proponent whereas the 
traffic flow data by relevant government departments, or traffic forecast models. Land 
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use information in Hong Kong can be found in statutory Outline Zoning Plans (OZPs) 
prepared by the Planning Department. 
A simplified version of the CRTN88 (Calculation of Road Traffic Noise) (The 
Transport and Road Research Laboratory and the Department of Transport, United 
Kingdom, 1988) model can then be employed to calculate the Lio (Ih) dB(A) at a 
reference point 10 m from the kerbside and 1.2 m above ground, which represents the 
typical roadside noise emissions levels received by that land use. The details of 
calculation will be presented in Chapter 4 System Design. 
In the past, other noise assessment methods have also been used in Hong Kong 
in SEA studies. For example, in the TDSR (Planning Department, Hong Kong 
Government, 1996), the criteria for noise assessment include measures such as the 
length of interface between the noise sensitive land use and the roadway and the 
percentage compliance with the noise criterion of Hong Kong Planning Standards and 
Guidelines (HKPSG) (Planning Department, Hong Kong Government, 1989). 
Adopting similar assessment criteria, once the length of interface of the 
affected land use and its roadside emission are calculated, they can then be compared 
with the noise criteria for different land use types in Hong Kong as a preliminary 
indication of the possible degree of noise intrusion. While this is an acceptable noise 
assessment technique for sensitive receivers like schools and hospitals whose designs 
are fairly standardized in Hong Kong, it is inappropriate for residential land uses 
because residential blocks are much more complicated. An additional step is hence 
needed. 
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3.2丄2. Noise Immission Assessment for Residential Areas 
As residential areas are the major noise sensitive receivers in Hong Kong, due 
consideration is given to the residential areas likely to be impacted based on noise 
immission assessment. 
Modeling noise immission of a large number of receptors in high-rise 
residential tower raises some fundamental difficulties. This is because traffic noise 
immission is a very localized phenomenon and the estimation of noise exposure of a 
particular dwelling requires detail information on the disposition of the dwellings 
relative to roadways, the horizontal and vertical distances from the roadway, the 
shielding effects of the building geometry. Therefore, the predicted noise immission 
level of one dwelling unit may be very different from that of its immediate neighbour. 
So the critical tasks is to identify the noise sensitive land uses adjacent to the 
subject roadway and collect information on the all those factors which may cause 
noise attenuation due to distance, disposition and shielding conditions of the cluster of 
dwelling units abutting the roadway. 
In Hong Kong, land use types, building layouts and the propagation distances 
between the road links and the receivers can be retrieved directly from OZPs and 
cartographic maps. Other information needed for the assessment, such building height, 
number of floors, number of dwellings and orientation of windows, are not available 
from the maps and have to be obtained by on-site surveys. 
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In order to minimize the need for extensive site visits, a hypothesis was made 
and subsequently tested that different urban forms have different noise propagation c 
attributes which will result in typical noise attenuation distribution pattern. Such a 
pattern can be used as the function to transform the emission level at the roadside to a 
possible range of immission levels for the nearby housing estate. 
3.2.2.2.1. Urban Forms of Hong Kong 
As aforesaid, the urban forms of Hong Kong are quite unlike other Western 
cities. The immission level of a dwelling unit is defined by factors such as the vertical 
and horizontal distances from the noise source, the degree of acoustic shielding and 
the intensity of emission of the road. This array of factors are defined by the plot ratio 
defined in the sstatutory Outline Zoning Plans (OZP) published by the Town Planning 
Board (TPB) under the provisions of the Town Planning Ordinance (TPO). Areas 
covered by such plans are zoned for a variety of uses such as residential, commercial, 
commercial/residential mixed area, industrial, open space, government, institution or 
community uses, green belt, conservation areas, comprehensive development areas, 
village type development, open storage or other specified purposes. 
As a means of development control, the housing density on a piece of land is 
guided by way of the "Plot Ratio，’ which is one of the conditions of development 
permit. ” Plot ratio" is defined as the total gross floor area of building divided by the 
net site area. Thus, the plot ratio is to some extent an indicator of the population 
density and housing density of the area. The plot ratio will also define the urban form 
and the extent to which buildings in the same plot acoustically shield each other. It is 
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on this basis that this study assumes a significant relationship between urban form and 
the emission-immission transformation function. 
In Hong Kong, there are four major plot ratios for residential developments. 
These are R(A), R(B), R(C) and R(D) in the OZPs. R(A) has the highest permissible 
plot-ratio and R(D) has the lowest Typical housing development ofR(A), R(B), R(C) 
and R(D) are illustrated in Plate 3.1, Plate 3.2, Plate 3.3 and Plate 3.4 respectively. 
Plate 3,1 Typical R(A) buildings 
(Source: Planning Department, Hong Kong Government. 1996. Territorial Development Strategic 
Review. Hong Kong.) 
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Plate 3.2 Typical R(B) buildings 
I M S 
(Source: Planning Department, Hong Kong Government. Territorial Development Strategic Review. 
Hong Kong.) 
Plate 3.3 Typical R(C) buildings 
(Source: Planning Department, Hong Kong Government. 1996. Territorial Development Strategic 
Review. Hong Kong.) 
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Plate 3.4 Typical R(D) buildings 
m 
(Source: Planning Department, Hong Kong Government. 1996. Territorial Development Strategic 
Review. Hong Kong.) 
3,2.2.2,2. Hypothesis: Unique Noise Attenuation Patterns for Different Urban 
Forms/Plot Ratios 
Considering that urban form and plot ratio are related, it is expected each plot 
ratio may have an unique urban form which has its unique noise propagation variables 
such as propagation distance, shielding effects and angle of view. These variables 
will define how the noise drops in intensity from the kerbside to the dwelling units. 
Some research work has been done to test if this assumption is indeed valid. 
For simplicity, this study calls the differences between the noise emission 
level at roadside and the immission levels at various dwellings of the same housing 
development the "noise attenuation" pattern. This is called a pattern because for the 
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same emission level at the roadside, different dwellings in the housing development 
may have different immission levels, and the differences between them follow a 
certain distribution curve. This curve can be used for the emission-immission 
transformation. Constrained by time, this study focus only on patterns R(A), R(B) and 
R(C). 
3,2.2.3. Derivation of Typical Traffic Noise Attenuation Patterns 
The derivation of noise attenuation patterns for different plot ratios has been 
obtained in two stages, namely identification of a sampling area; and subsequent 
selection of some housing estates within that area. 
In the first stage, the North-west New Territories (NWNT) of Hong Kong was 
selected. It is a newly developed and well-planned region with clearly-defined land 
uses. It is also one of the potential long-term strategic growth areas of Hong Kong 
(Planning Department, Hong Kong Government, 1996). The region has all types of 
residential areas in Hong Kong (R(A), R(B), R(C) and R(D)), as well as a mix of 
public and private housing estates. Some of the buildings have also incorporated 
indirect noise mitigation measures typically found in Hong Kong, such as podium, 
noise barriers and noise tolerant structures such as multi-storeys carparks to achieve 
the best self-screening effects. 
In the second stage, all residential buildings or estates in the region were 
identified according to their plot ratios. A total of 32 R(A), 28 R(B) and 6 R(C) 
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housing estates in NWNT were identified. Among them, only buildings or estates in 
close proximity to major roadways are selected for assessment (Table 3.1). 
Table 3.1 The number of estates assessed for each residential types 
Residential Type Number of Estates Assessed Total Number of Dwellings 
R(A) 15 44380 
18 17725 
13 11003 
1:1000 layout plans were used to extract information on the spatial distribution 
of the buildings and roadways, as well as the location of podiums and barriers. 
Additional information were gathered through field inspection or from detailed 
building plans to provide data on height of podium, height of barrier，number of floors 
of the buildings, number and location of dwelling units per floor, orientation of 
windows. Photos were sometimes used to assist assessment. 
Since the aim is to derive the noise attenuation pattern, it is not necessary to 
obtain the exact traffic flow information for this part of work. Therefore, a standard 
set of traffic flow information (mean vehicle speed, percentage of heavy vehicles, 
traffic flow per hour) is entered for the assessment of all subject roadways. 
Noise assessment is based on the "Calculation of Road Traffic Noise" 
(CRTN88) protocol, developed by the Transport and Road Research Laboratory and 
the Department of Transport in UK (1988). The noise immission levels received by 
the sensitive receivers at Im in front of the external facades of the dwellings are 
estimated by a set of formulae derived empirically and acoustically. The iterative 
assessment procedures are shown in Appendix I. 
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To obtain the roadside noise emission level, a reference point has been set at 
10m from the kerbside with 1.2m height. Noise attenuation of each receiver is then 
calculated by subtracting the noise immission levels from the reference noise emission 
level at the roadside. The differences for various dwellings in the same housing estate 
are aggregated to form the “noise attenuation pattern". 
The resultant noise attenuation pattern of residential types (R(A), R(B) and 
R(C)) are portrayed in Figure 3,1, Figure 3.2 and Figure 3.3 respectively. The tabular 
results are shown in Appendix 11. 
Despite it is desirable to validate the results, it is nonetheless not practical in 
this study. Furthermore, the accuracy of the “Calculation of Road Traffic Noise" 
(CRTN88) protocol which has been incorporated into this sytem has been previously 
verified and validated.. 
From the results, it can be seen that the patterns of R(A) and R(B) may appear 
similar but are in fact different. According to the Kolmogorov-Smirnov two-sample 
tests, these three distribution patterns are significantly different at the 0.05 level, 
hence supporting the earlier hypothesis that there is a "typical" noise attenuation 
pattern for each residential type. The immission levels at most dwellings are 10 or 
more dB(A) less than the emission level at the roadside. The pattern of R(C) pattern is 
rather irregular reflecting the varied urban layout of this type of low-rise development 
in R(C) zones. It may also be a reflection of a rather limited number of dwellings 
being assessed, resulting in rather unstable statistical results. 
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Of the dwellings assessed, about 1.7 % ofR(A) and 13.5% of the assessed R(C) 
dwellings have the noise immission levels greater than the reference roadside noise 
emission levels. This is because some dwelling units are closer to the abutting roads 
then the distance 10m used in the estimation of the reference emission level. 
Figure 3.1 The noise attenuation pattern of R(A) 
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Figure 3.2 The noise attenuation pattern of R(B) 
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Figure 3.3 The noise attenuation pattern of R(C) 
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3.2.2.3.1. Characteristics of the Residential Areas R(A), R(B) and R(C) 
Characteristics of R(A): 
According to the Planning Department, R(A) is intended for higher residential 
developments, including private high-density housing and public housing estates. The 
maximum domestic plot ratios for private R(A) developments can range from 6 to 10 
whereas the corresponding plot ratios for public housing development are in the range 
of 5 to 7. 
Even among the public housing estates of the R(A) types, there are different 
designs, e.g. cruciform type, Y shape, H shape, L shape and square shape. Different 
blocks may vary from 18 to 38 stories in height. On each floor level, there are 
typically 8 to 36 dwellings units. 
Table 3.2 Typical characteristics of public housing in Hong Kong 
Typical shapes of public Number of Floors Dwelling units per floor 
housing  
Cruciform type ^ 8 
Y shape 34-36 16-24 
H shape 25-27 — 15-18 
L shape 18 20-36 
Square shape 23 — 18 
As regards the private housing blocks, nearly all of them are of the cruciform 
types with 8 dwellings per floor. Each tower has 16 to 30 number of stories. 
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Land parcels of R(A) sites are relatively larger than the others, so the distance 
from the roadway to nearly dwellings can vary considerably from one building to 
another. Some buildings may be close, others far from the road. This probably 
explains why the noise attenuation distribution pattern is more spread out in R(A) than 
in R(B). Within a development plot, there may be open spaces and landscape features 
like fountain, playgrounds and recreation facilities in between building blocks. In a 
large housing estate, there may also be public facilities like markets, schools, car 
parks and shopping arcades which have inadvertent effect of screening noise from 
nearby roadways. 
According to the Hong Kong Planning Standards and Guidelines, the first 
three floors of a R(A) development can be used for commercial uses, so most of the 
private estates have a podium incorporated into the building design. Their heights can 
range vary from 1 to 6 floors to accommodate commercial uses such as banks, offices, 
restaurants, retails shops; car park and sometimes bus terminus or Light Rail Transit 
interchange. 
The podiums help to increase the vertical displacement between the affected 
dwelling units and the roads. Moreover, they can also act as barriers to shield the 
lower floors (Brown and Lam, 1987; Marsden, 1995). 
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Characteristics of R(B): 
Land plots zoned R(B) is intended for medium-density private residential 
developments. The maximum plot ratio of R(B) is 5 (Planning Department, Hong 
Kong Government, 1989). 
The differences in the physical appearance between R(B) and R(A) buildings 
may not be obvious. This can help explain why the noise attenuation patterns of R(A) 
and R(B) are similar. Since commercial uses are normally prohibited in R(B), 
podiums only take the form of car parks one to three floors high. Public facilities like 
schools and arcades are not found in R(B) development plots. The height of R(B) 
residential towers varies tremendously, ranging from 2 to 20 or 30 stories. Vertical 
development can reduce the building design density and to provide more room for 
facilities like swimming pools and gardens. As the size of R(B) zone is usually 
smaller than R(A) zone, there is less variations in the distance between buildings and 
roadway. Each land plot usually has about 3 to 5 buildings in a R(B) land zone. 
Characteristics of R(C): 
The maximum permissible plot-ratio for R(C) ranges from 0.4 to 3. The 
maximum building height is 4 stories (12 m) including the carport (Planning 
Department, Hong Kong Government, 1989). 
Residential developments in R(C) are typified by three stories private low-
density housings. Due to the limitation on building height, houses in R(C) are spread 
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out horizontally and they are hence of varying distances from roads resulting in some 
being acoustically shielded by others closer to the road. As this type of low-density 
housing development requires a lot of land for the number of people it can 
accommodate, their occurrence is rather limited. 
3.2.2.3.2. Acoustical Attributes of Different Urban Forms 
In an attempt to ascertain why the noise attenuation distribution patterns of 
R(A)，R(B) and R(C) are different, additional work has been undertaken to identify 
those factors which contribute to differences in urban form related noise propagation 
attributes. Previous studies in Hong Kong show that apart from the traffic volume, 
propagation distance and shielding effects are the major determinants at a dwelling 
adjacent to a roadway (Brown and Lam, 1987). These two propagation factors were 
examined in 15 dwelling units selected randomly from each of the R(A), R(B) and 
R(C) housing estate previously assessed. For each dwelling unit selected, data were 
obtained on the perpendicular plan distance of the receiver from the subject roadway, 
angle of views subtended by the roadway and the receiver, and the noise attenuation 
due to barriers and other screening structures. 
For dwellings affected by more than one road segment, contributions from 
different road segments were summed up. Since the noise level at a point from 
different sources are added logarithmically, and if there are two noise levels, LI and 
L2, and LI is larger than or equal to L2，the total combined noise level is determined 
by adding a correction to LI, as follow: 
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Correction 二 10 log 1 + (L2-L1)/10 dBA (i) 
The correction contributed from all segments are added in a weighting scale 
according to its noise level contribution: 
Correction contributed from segment LI and L2 二 correction contribution of LI 
+ (the resulted correction of L2 from (i)/ total noise levels from all segments) x 
the correction contribution of L2 dB(A) (ii) 
Finally, a total of 210 dwelling units from R(A), 270 dwelling units from R(B) 
and 45 dwelling units from R(C) were analyzed. The attenuation due to the height 
effects was also determined. 
Table 3.3 Contribution of various factors to noise attenuation away from the 
roadway 
R type Ave. AOV Height Corr on Corr on Corr on Corr on Corr on 
Distance above Distance Height hard AOV Barrier 




R(A) AVE. ^ 1 0 8 . 9 4178 TTo T T X i 
MAX. 292,1 225.0 108.0 -13.4 -8.2 -13.4 -21.8 -32.2 
MIN. 8.3 1.2 2.5 -0.2 4.7 -1.4 -0.2 0.0 
^ 60.4 56.0 27.3 ^ ^  
R(B) AVE 84.5 95.9 38.1 ^ ^ ^ ：4?7 ^ 
MAX. 378.9 244.2 102.5 -14.5 -6.9 -14.5 -17.0 -30.5 
MIN. 14.5 3.6 2.5 9.3 2.6 -0.1 -0.4 0.0 
^ 54.2 48.9 25.1 2.8 0.2 2.6 3.3 4.2 
R ( C ) ^ ^ 93.2 ^ ^ ^ OO ^ ^ 
MAX. 299.2 220.3 2.5 -12.3 0.0 -12.3 -12.4 -7.9 
MIN. 4.0 10.5 2.5 -0.5 0.0 -0.5 0.0 0.0 
S.D 73.7| _ 66.2 M 3.6 0.0 3.6 3.7 2.7 
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Figure 3.4 R(A) : Distribution of distance from road 
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Figure 3.5 R(B): Distribution of distance from road 
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Figure 3.6 R(C): Distribution of distance from road 
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It can be seen from Figure 3.4, Figure 3.5 and Figure 3.6 that the distances 
between the dwellings and the roadways are different for all three plot ratios R(A), 
R(B) and R(C). In general, R(A) has a more evenly distributed distance than R(B), 
and this can be ascribed to the larger area of the R(A). Due to the horizontal spread of 
R(C) buildings, the distribution of distance from the road is very widely scattered in 
R(C), 
Many residential dwellings in Hong Kong are in line-of-sight to roadways, 
with the mean angle of view to roadways being 95 to 108 degree. The attenuation 
effect contributed by the angle-of-view is on average 5 dB(A). 
In most cases, the distance correction is the most significant factor 
contributing to noise attenuation. On average, horizontal distance accounts for 7 to 8 
dB(A) attenuation from the roadside noise emission level. 
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As evidenced from the table, the increase in height cannot reduce the noise 
level significantly, sometimes for only as much as 1 dB(A). In some cases, the 
increase in height will even result in an increase in noise level. This is mainly due to 
the absence of noise protection from the barrier or podium for the upper floors, a 
finding that is also borne out by the work of Brown and Lam (1987). They showed 
little differences in noise exposure levels between the roof level and the first-floor 
level of about 200 buildings in Hong Kong. At over half of the measurement sites in 
their study, the difference between the first floor and roof noise levels is no greater 
than 2 dB(A). The results indicate that the vertical building design adopted in Hong 
Kong contributes very little in minimizing the noise exposure of dwellings. 
On average, 2 to 3 dB(A) attenuation is contributed by barriers correction. 
Though the results show that in most cases, the horizontal distance gives the greatest 
attenuation, in some cases, barrier corrections account for the greatest portion of the 
observed attenuation effect. They are usually dwellings screened by adjacent 
buildings or screening structures located between the noise source and the dwellings. 
3.3. Ecological Impacts 
Linear transport developments like roadways can affect large areas and 
impinge on ecological habitats. The main ecological impacts can include: 
• Direct loss of habitat resulting from the construction of roads and supporting 
activities (Cuperus et at., 1996; Spellerberg, 1998), 
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• Habitat disturbance and deterioration by pollution such as visual degradation, 
emissions from traffic (air and noise) and surface run-off (Hill, 1992; Reijnen et 
al, 1996; Spellerberg, 1998); 
• Increment of casualties of flora and fauna along the edge of roads (Spellerberg, 
1998); 
• Habitat fragmentation resulting from roads dissecting habitat areas can undermine 
their functional integrity and hamper the accessibility and the interchange of 
fauna and flora (Secrett & Cliff Hodges, 1986; Treweek & Veitch, 1996). Habitat 
fragmentation is believed to be the greatest detrimental ecological impact of roads 
(Abensperg-Traun et ah, 1996; Marsh and Pearman, 1997; Robinson and Quinn, 
1992; Spellerberg, 1998; Treweek and Veitch, 1996; Usher, 1987; Wilcox and 
Murphy, 1985;), as the isolated and fragmented habitats are difficult to maintain 
and manage (Treweek and Veitch, 1996)�Moreover, the creation of edge habitat 
by the roadside encourages alien invasions (Brothers and Spingarn, 1992, 
Spellerberg, 1998) resulting in alterations in species composition. (Treweek et al., 
1998). 
The significance of an ecological impact depends on the importance of the 
habitat or species to be affected; the magnitude of the environmental changes; the 
scale of the affected area; the duration and the reversibility of the impacts (Planning 
Department, Government of Hong Kong SAR, 1998). 
69 
3.3.1. Past Experience of Strategic Ecological Assessment (SEcA) Using GIS 
The advantages of performing strategic ecological assessment (SEcA) are 
many. It facilitates the early recognition of potential ecological impacts so that 
developments can be steered away from environmentally sensitive locations. SEcA 
can also guide development towards more resilient ecosystems in the early planning 
process. Moreover, SEcA allows better consideration of alternative sites and 
consideration of the cumulative ecological effects at the regional level, which cannot 
be estimated effectively at the project level due to the limitation of artificial 
boundaries. 
Unlike project EIAs and because of financial constraints, SEcAs are likely 
often carried out as "desk-top" exercises to draw on existing regional or national data 
sets to explore the potential ecological impacts of policies, plans and programmes. It 
is envisaged that the desk-top approach would provide a rational framework for more 
intensive or detailed studies and would not replace the need for detailed ecological or 
field-based follow-up survey and monitoring (Treweek et a/., 1998). 
The implementation of SEcAs is usually constrained by the lack of consistent 
methodologies and regional or national data sets on the distribution of habitats, 
species and protected areas, similar to the one on Trans European Transport Network 
(TEN) (Treweek et al.., 1998). Therefore, the scope of SEcA is as yet limited, and the 
ecological impacts are mostly evaluated based on the importance of the habitat or 
species to be affected, the magnitude of the environmental changes, and the scale of 
the affected area. 
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One of the commonly used approaches to analyze such a large volume of data 
for SEcA is the use of GIS. Systematic spatial analysis of the relationship between 
proposed road developments and ecological important habitats to estimate the types 
and scale of affected area can be carried out with the assistance of the overlaying 
function in GIS. Habitat maps, aerial photos and satellite images are the usual data 
sources to provide regional scale land cover information. 
Many studies have provided a framework for implementation of regional 
SEcA and proven the feasibility of application of GIS in conjunction with the remote 
sensing technique for regional ecological assessment. For instance, Sankoh et al. 
(1992) demonstrated the capability of GIS in analysing ecological risks and assessing 
route alternatives. Treweek and Veitch (1996; 1998) in United Kingdom have 
explored an approach of strategic ecological assessment of proposed road 
developments by overlaying the trunk-road network on a vegetation distribution map 
for the determination of the proportion of broadleaved woodland and lowland health 
land potentially affected by the encroachment of roads. Likewise, Bentley and Boggs 
(1996) successfully utilized GIS to determine wetland impacts of the Interstate 4 
multi-modal transportation master plan in Florida. 
One can conclude from these studies that the application of GIS together with 
remote sensing techniques can provide a relatively inexpensive and effective means 
for screening route alternatives. Such an approach can reduce the need for extensive 
field-surveys of many route options that may never be selected (Treweek and Veitch, 
1996), thus permitting rapid determination of potentially affected habitats, increasing 
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accuracy in determining areas affected and saving money and time (Bentley and 
Boggs, 1996). 
Foreign studies on SEcA are usually focused on assessing the impacts on one 
or two ecological habitats only, such as broadleaved woodland and lowland health 
land (Treweek and Veitch, 1996; 1998); or wetlands (Bentley and Boggs, 1996). The 
assessment of the impacts of roadways on different ecological habitats is seldom 
considered. Furthermore, given the difference in regional ecological setting and 
variations in the distribution of habitats between Hong Kong and overseas countries, it 
is inappropriate to borrow overseas methodology directly to Hong Kong. 
For these reasons, a tailor-made strategic ecological assessment framework 
using readily available local ecological data has been developed in this research. 
3.3.2. Assessment Methodology of Strategic Ecological Assessment 
The ability to conserve valuable ecological habitats and biological diversity 
relies on an early warning system that allows threats to be recognized before 
irreversible damages occur (Treweek et al., 1998). As a result, the key issue of SEcA 
for road networks is the early identification of valuable ecological habitats to be 
inflicted to alert decision-makers and to estimate the potential impacts of road 
intrusion on those habitats at the early planning stage (Transport Department, 
Government of Hong Kong SAR, 1999). 
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3.3.2.1. Identification of Ecological Valuable Habitats in Hong Kong 
SEcA requires, in the first instance, a characterization of baseline conditions 
(Treweek et al., 1998). The ability to evaluate and quantify the potential ecological 
impacts for SEcA is strongly dependent on the availability, accuracy, reliability and 
resolution of regional data of habitats, species and development proposals (Treweek et 
al., 1998). The effectiveness of application of SEcA in Hong Kong is actually 
hampered by the shortage of regional ecological data sets on habitat quality (in terms 
of bio-diversity, species richness and fertility of soil) and the distribution and 
abundance of fauna species. Although the situation has somewhat improved with 
completion of the Hong Kong Biodiversity Survey in August, 1999 (Department of 
Ecology & Biodiversity, University of Hong Kong, 1999). The information from the 
survey is still classified and is neither available to the public nor to this study. 
The current study has thus to rely on the government's statutory OZPs and the 
WWF Digital Vegetation Map. The latter provided, at time of this thesis, the most 
comprehensive ecological data set. This is not to say that there is no need to fill in 
remaining information gaps on the quality of the habitats and the distribution and 
abundance of flora and fauna based on extensive exploratory study and field survey. 
In future, when such information is available, they can be easily integrated with the 
framework of assessment developed in this study. 
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The World Wide Fund (WWF) Vegetation Map 
While the WWF Vegetation Map was not developed for EIA assessment, its 
classification scheme matches with that stipulated in the Technical Memorandum of 
the Environmental Impact Assessment Ordinance (Environmental Impact Assessment 
Ordinance) (EIAO-TM) (Government of Hong Kong SAR, 1998). Among the 
vegetation categories presented in the WWF vegetation map, the following habitat 
types are particularly sensitive to transport development and may hence pose 
ecological constraint: 
• woodland (W) 
• mangrove (M) 
• inland water (WA) 
• other wetlands (OW) 
The majority of other wetlands (OW) classified in the WWF vegetation map 
are freshwater fish ponds which function ecologically as a substantial source of food 
supply and as an important roosting and foraging ground of water-bird. 
The statutory Outline Zoning Plans (OZPs) 
The ecological database of this study also includes information from the OZPs 
which delineates the following ecological conservation areas: 
• Conservation Area (CA) 
• Country Park (CP) 
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• Coastal Protection Area (CPA) 
• Site of Special Scientific Interest (SSSI) 
Conservation areas are designated in the Outline Zoning Plans (OZPs) under 
the Town Planning Ordinance (TPO). The planning intention of conservation areas is 
to conserve existing natural characteristics and rural landscape of the area. Such areas 
may comprise of fishponds, mature trees and topographical features, which are areas 
of landscape and ecological value. New developments that are not necessary to 
support the conservation objectives are not permitted in this zone. Only a selective 
range of uses such as public convenience and refreshment kiosk may be permitted. 
In Hong Kong, there are designated 23 Country Parks and 15 Special Areas 
which serve the purpose of nature conservation, countryside recreation and outdoor 
education. The total area now covered by the country park system is 41,582 hectares 
covering 38% of total land area of Hong Kong (AFCD, 1999). 
For areas where a coastal habitat or ecological site is high, the coastline can be 
designated as a Coastal Protection Area (CPA) where development is normally not 
permitted. 
Another sixty-three SSSI have been designated under the Town Planning 
Ordinance (TPO) (AFCD, 1999). These designations have legal status under the Town 
Planning Ordinance and serve to conserve and protect the fauna and flora as well as 
other natural features with special scientific value. 
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Whilst Green Belts have also used to protect areas of landscape or ecological 
value, it is not recognized as ecological valuable areas. They are usually located on 
the outer limit of the towns in Hong Kong. The land within this zone is permitted for 
passive informal type of recreational uses including barbecue sites, parking areas and 
swimming pools. Hence this type of "protected area" is much less useful for 
ecological purposes than the others. 
3.3.2.2. Assessment Criteria of Ecological Impacts 
There is as yet no standardized assessment technique to quantify the overall 
ecological risks to particular habitats or species (Treweek, et al., 1996, 1998), 
especially with respect to impacts on the ecological quality of habitats. Considering 
that the primary function of SEcA is to screen sites, routes and construction methods, 
most of the assessment techniques developed so far focus on determining the area of 
habitat loss/ disturbance or length of interface of the road with a particular habitat. 
This approach has been adopted in a number of works (Treweek at el. 1998; 
HKTDSR (Planning Department, Hong Kong Government, 1996) and CTS-3 
(Transport Department, Government of Hong Kong SAR, 1999)). 
Although noise may be a critical factor in reducing the quality of a habitat 
(Reijnen at el., 1995), there is as yet no simple and commonly accepted criterion for 
assessing the impact of noise on ecological habitats. As a result, noise impact on 
ecological habitat has not been included in the study. 
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3.3.2.3. Assessment Method 
Owing to the paucity of ecological data in Hong Kong, this study aims only to 
identify the preliminary potential ecological impacts of a proposed transport 
infrastructure based on the desk-top approach with the assistance of GIS. 
GIS allows the overlaying of the proposed road network on the WWF Vegetation 
Map and the OZPs so that length of roads in contact with each sensitive ecological 
habitat can be estimated. 
In addition to the interface, the area of habitat loss can also be estimated. 
However, in determining the area of habitat loss/disturbance, it is necessary to include 
a wider strip of area than the boundary of roadways This is necessary because the 
impact is not solely limited to the areas where the roads are directly located, but is 
extended to surrounding areas. There is a zone required for infrastructure elements 
associated with the road (e.g. signs, electricity poles and wires, fences, retaining walls, 
sliproads, roadsides and ditches) (Cuperus et al., 1996; Spellerberg, 1998). In addition, 
there are areas of influence (disturbance zone) although the disturbance becomes less 
important at increasing distance (Spellerberg, 1998) and the zone of disturbance 
varies according to the impact being studied (OECD, 1994a). 
As the disturbance area is larger than the width of the roads, a buffer zone 
concept is created to represent the disturbance area. Depending on the type of impact, 
the disturbance distance (i.e. buffer distance) is entered by the user (default value set 
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at 100m in this study) and the area of disturbance for each ecological sensitive habitat 
can then be estimated through the buffer and overlaying techniques in GIS. 
Determination of the area of disturbance is important because the estimate 
provides a reference for deciding the area of ecological compensation. Generally, the 
compensation area for wetland compensation in Hong Kong is in the ratio of 1:1. Of 
course, in determining the area of compensation, the quality of the area impinged 
upon is always a major consideration. 
3.4. Land Acquisition Assessment 
In Hong Kong, land resources are limited and expensive, thus land acquisition 
is one of the major considerations in infrastructure development. Land acquisition on 
private lands is even more critical and recent studies (Department of Ecology & 
Biodiversity, the University of Hong Kong, 1999) have shown some areas of high 
ecological values are in private hands, and those areas can include fish ponds, wet 
agricultural lands and wetlands. If villages and residential areas have to be resumed, 
there are potentials for conflicts with landowners and local residents. Where private 
lands have to be acquired, not only is the projects' cost increased but also the 
negotiation time lengthened. As a consequence, there is a need to identify and 
minimize the land resumption on private or controversial areas. The determination of 
potential land-take with a breakdown of different land use types can provide a 
reference in estimating cost and difficulty of project preparation. 
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3.4.1. Assessment Method 
Bentley and Boggs (1996) have successfully utilized GIS to determine right-
of-way acquisition costs of an interstate 4 multi-modal transportation master plan in 
Florida. By overlaying the coverages of roads, existing buildings and land use, Sadek, 
Bedran and Kaysi (1999) have evaluated the community disruption with reference to 
the number of structures hit. In Hong Kong, the cost of resuming land is different and 
much higher than that of overseas countries. To maintain flexibility, the prototype 
land acquisition assessment system is designed as an enquiry tool to display both the 
length of interface and the potential area of land-take of some user-selected land use 
types and ecological habitats. With the area for different land use types identified, the 
land acquisition cost can then be estimated easily in later stage. 
3.5. Summary 
This chapter describes the approach developed in this study to assess the noise, 
ecological and land acquisition of proposed road network in Hong Kong. In 
developing the approach, due consideration has been given to overseas experience and 
the unique situation of Hong Kong. 
Generally speaking, the approach requires the overlaying of the proposed road 
network on regional land use and habitat maps. In Hong Kong, both the statutory 
OZPs and WWF vegetation maps have been used and the overlaying and analytical 
functions of GIS have been employed as the analytical tools in the assessment. 
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Besides performing simple noise emission prediction of the proposed road 
network on different land uses, a method has also been developed to predict the noise 
immission or noise exposure levels of the residential areas taking into account the 
unique urban landscape in Hong Kong. This has been achieved through studying the 
relationship between the urban forms in Hong Kong and their characteristic noise 
attenuation patterns. The relationship established has been employed to transform the 
predicted noise emission at the roadside to the noise exposure levels experienced at 
the dwellings of nearby residential blocks. 
Ecological impacts arising from proposed road network can be assessed by 
estimating the length of the road interfacing with, and the area of potential habitat loss 
of, different sensitive ecological habitats. Through a dialog box design, the users can 
enquire the length of interface and potential land-take of selected land use types in the 
land acquisition assessment procedure. 
80 
CHAPTER 4. SYSTEM DESIGN 
4.1 Introduction 
The previous chapter has outlined the background and rationale of the 
approach used in the GIS-based strategic assessment tool developed for Hong Kong. 
This chapter describes the structure and functions of the prototype system developed. 
4.2 System Overview 
As mentioned before, the primary function of the system is to allow users 
(engineers, planners and environmental assessment practitioners) to undertake 
preliminary strategic assessment of road network proposals, and to present findings in 
the visual format so that the environmental outcome of various alternatives can be 
evaluated at the early project planning stage. This can help avoid proponents being 
galvanized to pre-conceived options too early in the project planning process. 
The system allows three key environmental impacts to be analyzed; namely 
noise impact (emission and immission), ecological impact and land acquisition. 
The prototype system developed was built on PC Arc View (Version 3,1)，a 
commercially available GIS vector-based system with strong geo-processing 
capability. The analytical framework and evaluation protocols have been written into 
the GIS system using Arc View's Avenue language. A customized Arc View user 
interface was specifically developed to provide a tailor-made user-friendly framework. 
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The system developed is comprised of seven components: (i) database; (ii) 
road alignment; (iii) noise assessment; (iv) ecological assessment; (v) land acquisition 
assessment; (vi) summary of assessment results and (vii) comparison of options 
(Figure 4.1). 
The database (base maps) contains the land cover information derived from 
the government's statutory Outline Zoning Plan and the WWF vegetation map. Once 
the user inserts the road network with the associated attribute data, the system is able 
to identify the sensitive areas impinged by the proposed route alignments, delineate 
areas that are adversely affected and estimate the extent of the impacts with selected 
assessment criteria (Table 4.1). Furthermore, the system allows direct comparison of 
the assessment results of 4 different scenarios simultaneously. 
Table 4.1 Assessment criteria of the prototype system 
Noise Assessment  
Noise Emission Assessment • Lio (1 hour) dB(A) at roadside 
• Length of interface 
• Percentage of non-compliant interface of 
each types of affected land use  
Noise Immission Assessment on • Lio (1 hour) dB(A) 
Residential Area • Length of interface 
• Percentage of non-compliant dwellings of 
each types of residential land use  
Ecological Assessment  
• Length of interface with area of ecological importance 
• Potential area of habitat loss of ecological important area  
Land Acquisition Assessment  
• Length of interface 



































































































































































































































































































































4.2.1 Functions of the System 
To provide a tool to facilitate the integration of environmental concerns into 
transportation and land use planning, the prototype system must aim to assist the SEA 
process in terms of screening，scoping, analysis, documentation and public 
consultation. Such a system should be able to: 
• Streamline the generation of environmental database 
• Focus on key indicators and sensitive areas 
• Identify and quantify the potential impacts on noise, ecological and land 
acquisition 
• Identify the percentage of non-compliance with relevant environmental objectives 
• Evaluate, elaborate and compare alternatives 
• Assist on documentation of assessment findings for the preparation of SEA report 
• Facilitate the process of public consultation 
4.2.2 Design Features of the System 
In order to achieve the above goals, the prototype system has been developed 
with certain design features in mind: 
Simple, Easy to Use and Learn 
Because SEA is a process likely to be administered by environmental as well 
as non-environmental experts in the early planning stage of a project or plan, the 
system to be developed must be simple, user-friendly, easy to use and to learn. The 
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choice of the Windows-based ArcView as the platform has greatly increased the ease 
of use. Moreover, only buttons are used in the user interface developed to avoid 
complicated menu-driven interface (Figure 4.2). The buttons are arranged in sequence 
from left to right. All the data required for the system are inserted in table form to 
simplify data entry. Last but not least, the system permits the import of digital maps 
and layout plans, so as to streamline the integration of SEA process with current 
planning practices. 
Figure 4.2 A screenshot of the user interface 
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Flexibility 
The prototype system developed can be seen as an add-on function to the PC 
ArcView. This opens up the system and provides the flexibility for further 
modification, extension and integration with other pollution models. 
Rapid Assessment 
As the system developed is for preliminary strategic assessment, the 
evaluation is totally desk-based without any need for extensive fieldwork. This can 
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greatly reduce the assessment time and costs, but still permit broad-brush assessment 
of noise, ecological and land acquisition impacts. Rapid assessment facilitates timely 
feed back to the design process, so that the planning decisions can be made with 
knowledge of environmental effects and remedial measures. 
Since amending and modifying the database in the GIS-based system is 
relatively easy, the system can generate the possible outcome of various alternatives 
rapidly. 
Focused on Key Issues 
To facilitate early focus on key issues, the system targets on noise, ecological 
and land acquisition impacts, based on generally accepted assessment criteria, and 
knowledge of sensitive receivers and environmental objectives. In determining the 
noise impact, the assessment is based on noise exposure (noise immission) assessment 
taking into account the acoustic environment of a high-rise city. 
Comparison of Alternatives 
The assessment outputs are summarized and presented in quantitative terms 
that facilitate comparison between different plans/scenarios. The system developed is 
able to display and compare results up to 4 different options simultaneously. 
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Enhanced Visualization 
To facilitate interaction with the user, results are presented as summary reports, 
histograms, and spatial distribution maps. These can facilitate the preparation of SEA 
reports and public consultation. 
Cumulative Impacts 
The regional-based assessment approach adopted is able to assess regional 
impacts over a large area which gives a broader assessment than what project-based 
EIA can. For instance, the overall noise and ecological impacts, as well as the area of 
land intake can be assessed for an area rather than for a particular road link. 
4.3 System Software 
Arc View 3.1 
PC ArcView (Version 3.1) GIS package with geoprocessing extension was 
chosen as the platform for the following reasons. 
Firstly, it is a vector base system which can give the best representation of the 
exact location of line features like the road alignments. Raster base assessment will 
increase the risk of inaccuracy due to the uncertainty about the precise location of 
roads and land cover (Treweek and Veitch, 1996) which makes quantification of the 
relative sizes of affected land-use and habitats difficult, 
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Secondly, the open system of Arc View and Avenue scripts facilitates the work 
of programming. 
Last but not least, for budget considerations, the cost of Arc View is relatively 
cheaper than other softwares such as Arc/Info. ArcView can provide sufficient spatial 
analysis functions. In addition, it has already been widely used in various government 
agencies of Hong Kong Special Administrative Region (HKSAR) like Environmental 
Protection Department (EPD) and Agricultural, Fisheries and Conservation 
Department (AFCD). As a consequence, the prototype system developed becomes an 
add-on module of ArcView which can greatly reduce the hardware initialization cost. 
Because of the system openness, Windows-based and user-friendliness, the choice of 
ArcView 3.1 as the system platform can increase the availability of the system to a 
wide range of users. 
4.4 System Structure 
4.4.1 Base Maps Insertion 
As a decision-aid tool for transport route planners, the assessment requires a 
comprehensive body of information (Sadek, Bedran, and Kaysi, 1999). The 
availability of the information and other traffic and location databases is a necessary 
precondition for successful strategic assessment (OECD, 1994a). The following 
information is vital for the assessment: (1) Land cover and land use base maps, (2) 
Subject route alignments and the corresponding traffic flow data, and (3) Width of 
buffer zone 
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Existing planning layouts, statutory OZPs and the WWF Digital Vegetation 
Map, are the basic components of the database on the land use and land cover 
information to identify the affected sensitive land types. The OZP Insertion button 
: 5 J ] and Vegetation Map Insertion button [ ： ^ ] have been incorporated in the 
user-interface to allow the user to select the desire OZP and vegetation map from a 
dialog box. 
Statutory Outline Zoning Plans (OZPs) 
Outline Zoning Plans (OZPs) show the proposed land uses with broad zoning 
and major road systems of individual planning scheme areas. A Schedule of Notes is 
attached to each Plan to show the uses always permitted in a particular zone and other 
uses that require planning permissions through planning applications. The land use 
types zoned in the OZPs include: 
1. Commercial / residential (C/R) 
2. Residential (Group A) (R(A)) 
3. Residential (Group B) (R(B)) 
4. Residential (Group C) (R(C)) 
5. Residential (Group D) (R(D)) 
6. Industrial (I) 
7. Government/ institution/ community (G/IC) 
8. Village type development (V) 
9. Open space (O) 
10. Open space (recreational) (O) (REC) 
11. Other specified uses (OU) 
12. Undetermined (U) 
13. Green belt (GB) 
14. Nullah (NULLAH) 
15. Comprehensive development area (CDA) 
16. Agriculture (AGR) 
17. Conservation area (CA) 
18. Country Park (CP) 
19. Coastal Protection Area (CPA) 
20. Drainage Channel (DRCH) 
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21. Open storage (OS) 
22. Recreational (REC) 
23. SSSI (SSSI) 
24. Railway (RAIL) 
25. Road (ROAD) 
Schools and hospitals are classified as the same land use type -
Government/Institution/Coummunity (G/IC) in OZPs. Since they have different 
critical noise standards, addition work is needed to differentiate schools G/IC (SCH) 
from hospitals G/IC (HOSP) in G/IC zones on cartographic maps. 
There are three reasons for choosing OZPs as the base map instead of 
cartographic maps for the assessment. 
Firstly, OZPs can provide land use information for both the strategic 
ecological assessment and strategic noise assessment. As a result, using OZPs as the 
common database for the strategic ecological and noise assessment can greatly 
shorten the time on database generation. 
Secondly, only the sensitive land-use parcels rather than individual blocks of 
sensitive buildings are given in OZPs, which can provide clearer picture at the right 
scale of land use information for assessment at the strategic level. Use of OZPs also 
reduces the workload on digitizing base maps. 
Thirdly, as mentioned before, strategic noise assessment has to consider both 
existing and proposed noise sensitive buildings. The OZPs give existing as well as 
future regional land uses. While it is impossible to obtain information on the exact 
location, number and disposition of new buildings for noise immission assessment, 
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such information is nonetheless unknown or not yet confirmed at the planning stage. 
The approach developed for this study provides a simple assessment solution based on 
the type (plot ratio) of residential land in the OZPs and the appropriate noise emssion 
to immission transformation based on the plot ratio. 
The WWF Vegetation Map 
As stated in the CTS-3 (Transport Department, Government of Hong Kong 
SAR, 1999), the most comprehensive general information on distribution of different 
habitat types throughout Hong Kong can be obtained from the vegetation map 
published by World Wide Fund for Nature (WWF)-Hong Kong in 1992. It is a digital 
map compiled from 1989 aerial photos. 16 categories of land cover or land-use 
covering the whole Hong Kong region are identified. They are: 
Category 1 : grassland (G) 
Category 2 : low scrub (L) 
Category 3 : low scrub with grass (L/G) 
Category 4 : tall scrub (T) 
Category 5 : tall scrub with grass (T/G) 
Category 6 : woodland (W) 
Category 7 : plantation woodland (PL) 
Category 8 : cultivation (C) 
Category 9 : abandoned cultivation (AC) 
Category 10: mangrove (M) 
Category 11: inland water (WA) 
Category 12: other wetland (OW) 
Category 13: low density urban (U) 
Category 14: high density urban (U2) 
Category 15: bare soil (B) 
Category 16: sea (SEA) 
Other map sources such as the topographic map, geology map, land ownership 
map can be overlain, if necessary, to assist route design. 
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4.4.2 Traffic Data Input 
To use the system, the user has to input the route alignment(s) and the 
corresponding traffic flow data. The route alignment input button [ ] designed to 
let the user input or select the target route alignments from a file dialog box. 
Furthermore, one can also input the whole road networks with several road segments 
instead of just a single road segment. The roadways inserted are presented as single 
lines indicating the central line of the carriageways, the width of the roads are then 
entered and displayed in its attribute table. Each road segment will be automatically 
assigned an ID number for identification. 
The Traffic Data Input button [ S ] is designed to let users input or edit the 
traffic data of the subject routes. Traffic data are usually obtained through 
measurements, traffic census or from transport demand models. The parameters 
required include: (1) the width of the road (m), (2) the two-way traffic flow per hour 
(veh/h), (3) mean vehicular speed (km/h), and (4) percentage of heavy vehicles. 
The length of each road segment and the total length of the subject road 
network will be calculated using the ReturnValueNumber command and presented 
in the attribute table. 
Using the BUFFER command, a buffer zone with user-defined width is input 
through the Buffer Zone Insertion button [ 3 ] ]. As stated by OECD (1994a), 
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“In impact assessment at the strategic planning level, it is necessary to consider 
wider zone, the areas of influence varying according to the impact being 
studied.“ 
As mentioned in the previous chapter, road network does not only affect the 
area it is directly situated on but also the surrounding area. For instance, extra land 
acquisition at the roadside is needed to support the main route network (e.g. 
infrastructure elements like electricity supply, slip roads and ditches (Cuperus et al., 
1996). As the affected area is usually larger than the actual width of the road, a buffer 
zone with user-defined length enclosing the road network is created to evaluate the 
potential affected area. 
4.4.3 Noise Assessment 
The system has been developed to estimate the noise impacts at two different 
level of details: preliminary noise emissions prediction for each land use abutting a 
road segment and noise immission prediction on the dwellings of nearby residential 
area. The schematic of data flow chart in strategic noise assessment is shown on 
Figure 4.3. 
The noise emission assessment procedures can be seen as comprised of three 
steps : (1) identification of "potential noise hotspots", (2) prediction of noise emission, 























































































































































































































































































































































































































































































3.2.1.2 Noise Emission Prediction 
Step 1. "Potential Noise Hotspots" Identification 
With the route alignment(s) and the corresponding traffic flow data inputted 
by the users, the noise sensitive land zones adjacent to the subject roadways will be 
delineated by overlaying the route alignment(s) on the statutory OZPs. Receptor 
point(s) locating 10m perpendicular to the kerb side of the road link are created for 
each affected sensitive land zones. The Lio (Ih) dB(A) at each receptor point at a 
height of 1.2m is estimated to represent the strength of roadside noise emission level. 
According to the land use classification system in the OZP, no noise hotspots 
will be created for noise insensitive land uses such as drainage channels, rail, road and 
nullah. 
The angle of view from the receptor point to the road is set at 180 degrees (i.e. 
complete line-of-sight) in the calculation of the roadside noise emission level. The 
noise level received by each receptor point is assumed to be contributed by the closest 
road segment only and the contribution from other nearby road segments is not 
considered for the sake of simplicity. 
Following the CRTN88 methodology (The Transport and Road Research 
Laboratory and the Department of Transport, United Kingdom, 1988), the road 
network has to be divided into many straight segments such that the noise generation 
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characteristics, and propagation conditions from source to receiver, are constant for all 
points along each segment. 
As the propagation variables from the source to the receptor point are assumed 
to be the same, the noise emission levels received by the receptor points are totally 
dependent on the noise source strength. Therefore, if the noise source strength of 
different road links in a certain area is identical, calculation of noise emission on one 
receptor can represent the noise emission levels of that area. So the number of 
receptor points in each land use zones will depend on the number of road segments in 
that area having different noise source strength (i.e. traffic flow data). 
Step 2. Simplified CRTN Methodology 
A simplified form of the CRTN88 (The Transport and Road Research 
Laboratory and the Department of Transport, United Kingdom, 1988) method is used 
in this system for noise emission calculation. Estimation of noise emission form 
roadways is relatively simple procedure based on well-proven assessment 
methodology 
The basic noise level is modeled with reference to the source strength 
variables: (1) Traffic flow (1 hour), (2) Mean vehicular speed, and (3) Percentage of 
heavy vehicles. 
The equations used are 
LIO (I hr) = 42.2 + 10 log q dB/V (i) 
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where q = total vehicle flow within the hour, and 
The correction for mean traffic speed and traffic composition is 
Correction = 33 log (v + 40 + 500/v) + 10 log (1+ 5p/v) — 68.8 dBA,...•.(ii) 
where v = mean speed of all the traffic (km/h) during the relevant period, and 
p = percentage of heavy vehicles in the traffic flow during the relevant period, 
(for 20kmyh v 130km/h and 0% p 80%) 
Correction equations are then applied to attenuate the calculated noise levels 
based on the propagation variables. 
For attenuation with distance, a 'hard ground', representing the urban 
condition, correction factor is applied: 
Correction = - 10 log dV 13.5 dBA, (lii) 
where d' = slant distance, in metres, between the reception point and the source 
line ( 0.5 m high and 3.5 m in from the nearside edge of the road ) measured 
perpendicularly to the source line, i.e. 
d，= [ (d - 3.5)2 —0.5)2 (iv) 
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where d 二 horizontal distance, in metres, from the reception point measured 
perpendicularly to the nearside edge of the road, and the h = height, in metres, of 
the reception point above the road surface. The system assumes d to be constant 
at 10m and h to be constant at 1.2m 
As the angle of view of the receptor is set to be 180 degrees, in the application 
of the CRTN88 methodology, the correction for the angle of view can be set to zero. 
As the calculation of noise emission level of each receptor point is based on 
one road segment only. No combination of the noise levels contributing from other 
road segments is needed. The process is then repeated for every receptor points 
created. In the calculation process, sound propagation is assumed to be over level hard 
ground with no acoustical screening between the roadways and the receptor. No 
fagade and opposite facade correction is applied�Last but not least, free flow traffic is 
assumed. 
Step 3. Noise Emission Assessment Output 
With the use of CLIP fiinction in GeoProcessing Extension and 
Return ValueNumber command in ArcView, the length of interface with each land 
use zone can be calculated as an indicator of the severity of noise impacts. 
In the output of the noise emission prediction, the ID number of the affected 
land zone polygon, the noise emission Lio (Ih) dB(A), the length of interface and the 
compliance with the Hong Kong Planning Standards and Guidelines (HKPSG) 
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(Planning Department, Hong Kong Government，1989) noise criterion of each 
affected land zones are presented i.e. 55 clB(A) (Ih) for hospitals and clinics，65 dB(A) 
(Ih) for schools, and 70 dB(A) (Ih) for all domestic premises and other land uses. A 
'‘*****” remark will be assigned to the non-compliant land zone for easy 
identification (Figure 4.4). The spatial distribution of the non-compliant roadways and 
adjacent land uses can be illustrated on maps using the QUERY function in ArcView 
(Figure 4.5). 
Figure 4.4 Output of the noise emission assessment 
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Figure 4.5 Spatial distribution of the “noisy，，roads and affected residential 
land uses 
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At last, the total interface of each affected land use type and the percentage of 
interface not complying with the HKPSG criterion are summarized and displayed as 
the noise emissions assessment summary report by pressing the Noise Emission 
Summary Output button [ [ T j ] (Figure 4.6). 
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Figure 4.6 The Noise Emission Assessment Summary Report 
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3.2.1.2 Noise Immission Prediction for Residential Units 
Having ascertained the noise attenuation patterns for the major residential 
areas R(A), R(B) and R(C), they can be used to make adjustment to the noise 
emission level at the roadside previously calculated to obtain the noise immission 
levels of nearby residential areas by pressing the Noise Immission Assessment button 
r 3 1 
I Miss^  J. 
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During the residential noise immission assessment process, the first step is to 
determine whether the land parcel is zoned as R(A), R(B) or R(C). Then its associated 
noise attenuation transformation function is applied to the roadside noise emission 
level and an adjustment is made. Finally, the noise exposure distribution of that 
residential area is obtained by this adjustment process. 
Noise Immission Assessment Output 
The output of the noise immission assessment is the percentage of dwelling 
units not complying with the HKPSG criterion of LIO (Ih) 70 dB(A), the percentage 
of dwelling units exposed to excessive LIO (Ih) 75 dB(A) and the percentage of 
dwelling units exposed to excessive LIO (Ih) 80 dB(A). 
In addition, the total percentage of non-compliance exceeding LIO (Ih) 70 
dB(A), LIO (Ih) 75 dB(A) and LIO (Ih) 80 dB(A) of each residential type (R(A)，R(B) 
and R(C)) are summarized and displayed as the noise immission assessment summary 
piui 
report by pressing the Noise Immission Summary Output button [ lIM ] (Figure 4.7). 
Summarization of the total percentage of non-compliance of dwellings in each 
residential type (R(A), R(B) and R(C)) cannot simply be obtained by summing up the 
percentage of non-compliance of each residential type, as the larger the affected 
length of interface of the residential area, the greater will be their contribution to the 
total percentage of non-compliance. So the following weighted mechanism is adopted: 
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Total percentage of non-compliance of R(A) 二 [ (% of non-compliant dwelling units 
of R(A) zone 1) x (length of interface of R(A) zone 1/ sum of interface of all affected 
R(A) zone)] + f (% of non-compliant dwelling units of R(A) zone 2) x (length of 
inlerface of zone 2/ sum of interface of all affected R(A) zone)] + + [ (% of non-
compliant dwelling units of R(A) zone N) x (length of interface of zone N/ sum of 
interface of all affected R(A) zone)] 
Figure 4.7 The noise immission assessment summary report 
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Same as the noise emission assessment, propagation is assumed to take place 
over level hard ground and there is no topography effect. Free flow traffic is assumed. 
The adopted evaluation methodology simplifies the complicated noise exposure 
process and eliminates the need for detailed investigation of building layout plans of 
each affected housing estate. A flowchart summarizing the procedures of performing 
strategic noise assessment is presented in the Figure 4.8. 
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Figure 4.8 Procedures of strategic noise assessment in the system 
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4.4.4 Ecological Assessment 
3.2.1.2 Interface Determination 
By pressing the Ecological Interface Assessment button [ ； S ], determination 
of the length of interface as an assessment criterion will be carried out. The important 
ecological habitats are already given in the WWF vegetation map and the OZP as 
follows: 
• In WWF vegetation map, 
• woodland (W) 
• mangrove (M) 
• inland water (WA) 
• other wetland (OW) 
• In OZPs, 
• Conservation Area (CA) 
• Country Park (CP) 
• Coastal Protection Area (CPA) 
• SSSI (SSSI) 
In the prototype system developed, the user can choose between the WWF 
vegetation map or the OZP. By overlaying the road network on either map, the 
polygons of the land-use zones or ecological habitat zones overlapping with the 
assessed route can be selected and the result exported using the SelectbyTheme 
command. The CLIP function of the Arc View GeoProcessing Extension can then be 
applied, the route alignments are chopped into many segments by spatially analyzing 
the length of route interfacing with different land-use zones or ecological habitats. 
The clipped routes and their attribute tables including the length of each segment 
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(interface) calculated by the ReturnValueNumber command, intersected land-uses 
or habitat types, the ID of the intersected polygon are saved in individual theme. 
Histograms presenting the results of the ecological interface assessment based 
on the vegetation map and OZP can be created by pressing the Ecological Interface 
Histogram button [ J ^ j ]. Total affected length of interface of each important 
ecological habitat is calculated and saved in the VTab file and outputted as histograms 
(Figure 4.9). 
Figure 4.9 Ecological interface histograms based on vegetation map and OZP 
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3.2.1.2 Habitat Loss Assessment 
Potential area of ecological habitats loss can be assessed by pressing the Habitat 
i f f i ]. The method is same as ecological interface 
assessment, using the CLIP function of the Arc View GeoProcessing Extension. The 
assessment criterion is the potential habitat loss instead of the length of interface in 
the ecological interface assessment. The clipped buffer zone and its attribute table 
comprising the area of potential habitat loss, intersected land-uses or habitat types, the 
ID of the intersected polygon are saved in individual theme. 
The results are presented in the same way as the Ecological Interface 
Assessment. Habitat Loss Histograms based on the vegetation map and OZP are 
created by pressing the Habitat Loss Histogram button [ B l ]. Total potential habitat 
loss of each important ecological habitat are calculated and saved in the VTab file and 
output as histograms (Figure 4.10). 
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Figure 4.10 Habitat loss histograms based on vegetation maps and OZPs 
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Finally, an ecological impacts summary report (Figure 4.11) is generated in a 
tabular format summarizing the length of interface and potential habitat loss of those 
important ecological habitats by pressing the Ecological Impacts Summary Output 
button [ T J ]. The spatial distribution maps of the affected ecological habitats can 
also be generated using the Query function in Arc View. The schematic of data flow in 
strategic ecological assessment is shown in Figure 4.12. 
Figure 4.11 The ecological impacts summary report 
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4.4.5 Land Acquisition Assessment 
4.4.5.1 Interface and Land-take Enquires 
A dialog box is designed for the Land Acquisition Assessment to allow the 
user to query the need for land resumption of selected land uses or ecological habitats 
(Figure 4’ 13). Through recalling the themes containing the polygons of the land-use 
zones and ecological habitat zones concerned, the length of interface and the potential 
area of land-take of the user-selected land-use or habitat can be generated (Figure 
4.14). 
A Land Acquisition Summary report can be created in a tabular format by 
pressing the Land Acquisition Summary Generation button [ u U ] (Figure 4.15). 
Same as the previous assessment, the spatial distribution of the selected land-uses or 
habitats can also be retrieved through the Query function in Arc View. 
Figure 4.13 Screenshot of the land acquisition enquiry dialog box 
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Figure 4.14 The land-take histogram 
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Figure 4.15 The land acquisition summary report 
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4.4.6 Summary of Overall Impacts 
One can view the summary reports on Noise Emission, Noise Immission, 
Ecological Impacts and Land Acquisition generated in the previous steps 
simultaneously by pressing the Overall Impacts Summary button [麗](Figure 4.16). 
It aims to give an overall systematic presentation, so that a board view on the impacts 
can be visualized. 
The database format reports together with the spatial distribution maps 
generated by the system can also be extracted by "cut and paste" to aid preparation of 
SEA report and public consultation. 
Figure 4.16 The overall impacts summary report 
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4.4.7 Comparison of Options 
After the impacts on a subject route are assessed, alternative routes, traffic 
data, or various scenarios or time horizons can be assessed and compared by repeating 
the assessment procedures described above. The Options Comparison button [ 5 ] ] 
allows the users to compare the Noise Emission, Noise Tmmisston, Ecological 
Impacts or Land Acquisition of different alternatives (Figure 4.17). The system allows 
simultaneous display of up to 4 different options' summary reports for comparison. 
Figure 4.17 Screenshot of comparison of options 
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4.5 Summary 
The Strategic Environmental Assessment of road network can be a 
complicated process which usually requires laborious field surveys. This may be too 
cumbersome for ordinary project designers and planners who just want to assess the 
preliminary environmental consequences of different routes or alternatives. This 
chapter has presented the functions and the structure of the prototype system 
developed to highlight how the system can facilitate the work and enhance the 
feedback of the outcome of the environmental assessment to the planners to expedite 
the design process. 
A GIS-based evaluation framework has been developed to estimate the 
strategic noise impacts, both in terms of noise emission from roadways and noise 
immission levels at nearby residential areas. The same framework can also perform 
strategic ecological impacts and land acquisition impacts of various route options. 
While this is only a broad-brush assessment, it is considered sufficient and of 
the appropriate detail for an SEA exercise. Once the SEA is completed and the 
preferred network or alignment selected, further assessment can be undertaken in 
project-based EIAs in greater details. The approach proposed is not meant to be a 
substitute for field survey, but is designed to be a screening test to ascertain whether 
or not further detailed on-site investigation or in-depth assessment is warranted. This 
simple, easy and rapid assessment methodology can greatly facilitate the integration 
of SEA as a routine part of transport and road planning. 
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CHAPTER 5. Application of the System : A Pilot Study 
5.1. Introduction 
In order to test the functionality of the prototype and to demonstrate how it can 
provide assistance in implementing SEA in the real-world, a pilot study was 
undertaken. It was applied to a proposed road network and its various options in the 
north-west part of the New Territories of Hong Kong (NWNT). Known as the 
"Crosslinks", the project aims at relieving the cross-border traffic by a network of 
roads and bridges. Different route alignments have been proposed and the prototype 
developed was applied to assess the potential noise and ecological impacts as well as 
the required land-take. 
5.2. The Crosslinks Project 
To alleviate cross-border traffic congestion, two bridge crossings have been 
proposed by the Shenzhen government, one linking western Shenzhen and Deep Bay 
(Deep Bay Crossing) and the other linking western N T with Zhuhai (Lingdingyang 
Bridge). When these bridges are built, a new road network, known as the “Crosslinks”， 
will to be constructed in N W N T to link up with the bridge (Figure 5.1). The 
Crosslinks network is comprised of many road segments, the alignments of some of 
which are still now yet finalized, pending further studies. The Crosslinks project 
comprises seven major components, known namely as Deep Bay Link, Deep Bay 
Coastal Road, Tuen Mun Port Expressway, Tuen Mun Southern Bypass, 
Lingdingyang Bridge and the Connection with Route 10. Certain alternative options 
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are considered for three of these components _ the Tuen M u n Southern Bypass, the 
Deep Bay Coastal Road，and the Deep Bay Link. 
Figure 5.1 Conceptual alignment of the Crosslinks 
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5.2.1. The Project Area - North-west New Territories 
The N W N T , where the proposed Crosslinks is located, is one of the potential 
long-term strategic growth areas in Hong Kong (Planning Department, Hong Kong 
Government, 1996). This has been selected for the pilot study because the area's high 
development potential. It is large enough for implementing regional environmental 
assessment and consists of most of the land use types commonly found in Hong Kong. 
Furthermore, the area is rich in natural resources with high ecological conservation 
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value and contains some controversial land uses that are designated as "No-go “ areas 
in planning. 
These attributes present a diverse array of complex issues that are commonly 
encountered in strategic environmental assessment exercises. 
5.2.1.1. Urban Development in the NWNT 
A wide range of urban development activities have taken place in N W N T in 
the form of new towns at different times. Tuen Mun, Yuen Long and Tin Shui Wai 
are typical examples of the 1st, 2nd and 3rd generation new towns in Hong Kong 
respectively. Most of the high-dense residential areas of the R(A) and R(B) type are 
also found in N W N T . For example, one of the new towns is Tuen M u n which has an 
area of 1,912 hectares and a population of 502,000. The population may increase to 
650,000 in 2003. Another new town, Yuen Long, has an area of 1,170 hectares, has a 
population of 164,000. The latter's population is expected to reach 240,000 upon full 
development. Among the youngest of new towns, Tin Tsui Wai, has a size of 220 
hectares and a present population of 150,000 people. Upon full development, its 
population will reach 340,000 (Territory Development Department, Government of 
Hong Kong SAR, 1998). As the development of the above new towns is almost 
finished, new infrastructure development will concentrate on fringe areas such as Ping 
Shan and Hung Shui Kui. 
Turning to residential areas of lower density in the area, there are two large-
scale low-dense housing estates of the R(C) type, known as the Fairview Park and the 
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Palm Springs/ Royal Palms. Both are near to the Mai Po Ramsar site. Some village 
type housing of the R(D) type can be found scattered around in the relatively less 
developed parts of the N W N T . 
5.2.1.2. Ecological Habitats of the NWNT 
Most of the land in the N W N T is still undeveloped. There are habitats of 
ecological importance such as fishponds, wetlands, mangroves and mature woodlands. 
Five sites of SSSI are found in the N W N T , namely Tsim Bei Tsui SSSI, Tsim Bei 
Tsui Egretry, Inner Deep Bay SSSI, Mai Po Egretry and Mai Po SSSI. Furthermore, 
located in N W N T are Tai Lam Country Park, five coastal protection near Pak Lai and 
fifty-five other areas of conservation value. 
The Mai Po SSSI is a designated Ramsar Site since 1995 because of its 
importance to migratory waterbirds. The unique international and regional importance 
of fish ponds linked with the Mai Po Marshes in the Deep Bay Area has been 
confirmed by the Study on Ecological Value of Fish Ponds in the Deep Bay Area 
completed in 1997 (Planning Department, 1997b). The Coastal Protection Areas 
(CPAs) at Pak Lai, comprised of intertidal habitats including mudflats, sandy shores 
and mangroves, also provide an important foraging area for the breeding birds. 
5.3. Execution of the Pilot Study 
The pilot study was divided into two phases. The first aimed to assess the 
cumulative environmental implications of the whole route of the proposed Crosslinks 
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(Figure 5.1). The second considered and compared the alternative options in the three 
components of (Tuen M u n Southern By-pass, Deep Bay Coastal Road and Deep Bay 
Link) of the Crosslinks. The assessment procedures comprised of the following steps: 
Step L Database Construction 
Before carrying out the above assessment, the first task is to construct a 
database of the N W N T to cover the essential land use and vegetation cover 
information. It is important to point out that database construction is usually the most 
time-consuming process in the assessment and the accuracy of subsequent assessment 
work is reliant on the accuracy of the database. 
Since the W W F vegetation map is already available in digital format (Arc/Info 
export format), the preparation process was rather simple. The only thing to do was to 
convert it into a single Arc view shapfile. As regards the OZPs, since only 8 out of 19 
OZPs in the N W N T were in digital form, the remaining OZPs had to be digitized 
manually and then merged into one shapfile. It should be noted that the digital W W F 
vegetation map was based on 1989 aerial photos while the OZPs of different districts 
were published at various dates from 1994 to 1999. 
As explained in Chapter 3, addition work was undertaken to differentiate 
schools from hospitals under the same G/IC zones because the applicable noise 
standards are different. Moreover, some of the areas in N W N T (the Shek Kong 
Airport and the Castle Peak Firing Range Area) are excluded from the terrestrial 
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planning strategy, they had to be digitized manually into the database and are marked 
as "No-go" areas. 
Though the process of database construction was laborious, once the base map 
had been created, the task of updating and modification for future uses or other 
applications was relatively simple. So the additional workload should not be too 
demanding on the users in the planning process. 
Step 2. Land Cover Insertion 
After the preparation of the W W F vegetation map and the OZP of the N W N T , 
both were inserted into the system by the pressing the W W F vegetation map insertion 
button [ ] and OZP insertion button [免]respectively. 
The alignment of the Crosslinks is digitized on-screen and inserted by pressing 
the route insertion button [ ^  ]. As mentioned above, the Crosslinks project is 
composed of seven component routes, each of which was digitized as one individual 
segment with a route ID assigned automatically for easy identification (Table 5.1). 
Table 5.1 Route ID of each routes of the Crosslinks project 
Route Name Route ID 
Tuen Mun Port Expressway  
Lingdingyang Bridge ^  
Deep Bay Crossing ^  
TuenMun Southern Bypass ^  
Connection to route 10 ^  
Deep Bay Link ^  
beep Bay Coastal Road 7.0 一 
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Step 3. Traffic Flow Data Input 
Only predicted traffic data was used for the Crosslinks. The following traffic 
flow data (Table 5.2) are input into the attribute table by pressing the Edit Traffic 
Flow Data button [ ]. Furthermore, the length of each route and the total length of 
the Crosslinks are automatically calculated and presented in the attribute table. 
Table 5.2 Predicted traffic flow of different Crosslinks components 
Route N a m e R o u t e WCY FLOW P H V S P E E D 
ID (m) (veh/hr) (km/h) 
Tuen Mun Port 1.0 10.0 2000.0 ^ 7 0 . 0 
Expressway  
Lingdingyang 2.0 ^ 1 5 0 0 . 0 04 100.0 
Bridge  
Deep Bay Crossing 3 . 0 2 0 . 0 ~3000.0 0.2 100.0 
TuenMun Southern 15J02000.0 OJ ^ 
Bypass  
Connection to ^ 1000.0 
route 10 
Deep Bay Link 6.0 20.0 3000.0 0.4 100.0 一  
Deep Bay Coastal TO 12^3000.0 ^ 
Road -
Step 4. Buffer Zone Insertion 
The width of the buffer zone has to be inputted to estimate the range of the 
area potentially affected. The buffer zone is set to be 100 m wide from the central line 
of the alignment by pressing the Buffer Zone Insertion button [ . 
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Step 5. Strategic Ecological, Land Acquisition and Noise Assessment 
After the insertion of the above essential data, the strategic ecological, land 
acquisition and noise assessment can be performed. By simply pressing the buttons 
corresponding to each type of assessment following the sequence from left to right, 
the results are automatically calculated and outputted to the screen in the form of 
tables or histogram. The following types of results are generated: 
Strategic Noise Assessment (SNA): 
> Emission Assessment: “ 
• Table presenting the length of interface and the percentage of interface of each 
noise sensitive land uses exceeding the relevant noise limits 
> Immission Assessment on nearby residential areas: 
• Table presenting the length of interface and the percentage of non-compliant 
dwellings of each residential types (exceeding 70 dB(A)，75 dB(A) and 
80dB(A)) 
Strategic Ecological Assessment (SEcA): 
> Tables and histograms presenting the: 
• Length of interface of the ecological valuable areas 
• Potential habitat loss of the ecological valuable areas 
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> spatial locations of the affected ecological sensitive areas 
Strategic Land Acquisition Assessment (SLAA): 
> Histograms presenting the: 
• Length of interface of the each land use types 
• Potential land-take of each land use types 
> Spatial locations of the affected land use types 
Step 6. Summary of Overall Impacts 
After execution of individual assessments, the summary of different 
assessments can be displayed to give an overall environmental impact of the route 
under consideration. 
Step 7. Comparison of Options 
In the options comparison study, the assessment procedures are repeated from 
Step 2 to insert another alternative alignment. By pressing the options comparison 
button [ ]，the summary reports of the alternatives are displayed simultaneously 
for comparison. The system supports comparison up to four options. 
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Assumptions of the Pilot Study 
Because the database used data source obtained at different times, there may 
be some inconsistency in the land use information, e.g. the cultivated land (C) shown 
in the W W F vegetation map may not be zoned as agricultural land (ARC) in the OZPs. 
Since the pilot study is intended to illustrate the assessment method rather than to 
provide up-to-date assessments results, no attempt has been made to reconcile or 
validate the data sources. 
5.4. Results and Discussions 
5,4.1. Environmental Assessment of the Crosslinks Project 
The Crosslinks is 27398.8 m long and the length of different component routes 
is given in Table 5.3. 
Table 5.3 The route length of the Crosslinks components 
Route Name Route Length (m) 
Tuen Mun Port Expressway 10946.7 
Lingdingyang Bridge 2040.1 
Deep Bay Crossing 390.2 
TuenMun Southern Bypass 4236.7 
Connection to route 10 641.9 
Deep Bay Link 5342.6 
Deep Bay Coastal Road 3800.6 
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5.4.1.1. Noise Impacts 
Noise Emission 
Using the projected traffic flow data, it was found that noise “emission” from 
most of the routes exceeds the critical noise limits in for different land uses (Table 5.4 
and Table 5.5). 
Because the proposed alignment had probably already avoided highly-
sensitive residential areas such as R(A), schools and hospitals, the noise impact, 
generally speaking, on these uses can be deemed compliant. However for Residential 
area R(B), some 36% of the interface is not compliant. Moreover, noise emission 
levels also exceed the relevant criteria for low-density residential areas R(C) and R(D). 
Likewise, the project is located close to some recreational open spaces (O(REC)) 
inflicting excessive noise on them. The results indicate that mitigation measures such 
as noise barriers may be needed. Estimates of the length of interface and the location 
of non-compliant land use types may give some indication on how long and where the 
noise barriers are needed. 
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Table 5.4 Estimated noise emission due to the Crosslinks 
Route Name Route ED WCY FLOW PHV SPEED dB(A) 
(m) (veh/hr) (km/h)  
Tuen Mun Port L O 1 0 . 0 2000.0 0.2 70.0 73.7 
Expressway  
Lingdingyang 1500.0 100.0 75.6 
Bridge  
Deep Bay ^ 3000.0 ^ 100.0 78.5 
Crossing  
TuenMun 40 1 ^ 0 2 0 0 0 . 0 ^ ^ 74.8 
Southern Bypass  
Connection to 10^ 1000.0 ^ 69.6 
route 10 
Deep Bay Link— 6.0 20.0 ~3000.Q 0.4 100.0 “ 78.6 
Deep Bay i T o 3 0 0 0 . 0 04 ^ 76.6 
Coastal Road J  
Table 5.5 Noise Emission Impact due to the Crosslinks 
Affected Land Use Affected Non-compliant Percentage of non-
Interface Interface compliant interface 
(m) (in) (%) 
Coastal Protection Area (CPA) 902.6 902.6 100.0 
Residential (C) 704.5 — 704.5 100.0 
Open space (recreational) O(REC) 96.2 96.2 100.0 
Industrial (I) 140.1 140.1 100.0 一 
Agriculture (AGR) 4398.0 ‘ 4398.0 100.0 “ 
Other specified uses (OU) 1437.0 1437.0 — 100.0 
Residential (B) 1121.3 “ 408.6 36.4 
Residential (D) 1372.4 1372.4 — 100.0 
Conservation Area (CA) 60.2 60.2 100.0 
Government/ Instituation/ 941.0 676.4 71.9 
Community (G/IC)  
Undetermined (U) 13675.1 13675.1 100.0 
Village type development (V) 887.4 887.4 100.0 一 
Green Belt (GB) 13880.0 13837.9 99.7 
Recreational (REC) 1094.3 1094.3 100.0 
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Noise Immission of Residential Areas 
The next step was estimation of noise immission into residential developments. 
Because the Crosslinks project does not impinge directly on any existing or proposed 
R(A) residential developments, noise immission assessment is only needed for R(B) 
and R(C) zones. Of the 1121m of interface with R(B) land, only 1.3% of the dwelling 
units will be exposed to noise levels exceeding the applicable noise criterion for 
residential areas. The corresponding figure for R(C) is 47.6%. The results also show 
that 20.1% and 12.2% of dwellings would be exposed to peak hour noise levels in 
excess of 75 dB(A) and 80 dB(A) respectively (Table 5.6). These indicate that R(C) 
low-rise houses are often located right next to the roadways and because of their small 
plot sizes, such houses cannot reduce noise exposure by distance and screening 
structures. 
Table 5.6 Noise immission assessment due to the Crosslinks 
The Crosslinks  
Land Affected % non- % non- % non-
use Interface (m) compliant compliant compliant 
>=70dB(A) 1-hr >=75dB(A) 1-hr >=80dB(A) 1-hr 
R(B) 1121.3 1.3 0.0 ~ 0.0 一 
~~R(C) 704.5 47.6 20.1 12.2 — 
5.4.1.2. Ecological Disturbance 
The proposed Crosslinks project will generate severe ecological impacts. 
Although it does not impinge on any SSSI and Country Park, the alignment directly, 
intrudes into some valuable ecological habitats like wetlands (W), fish ponds (OW), 
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woodlands (W), Coastal Protection Area (CPA) and Conservation Area (CA) resulting 
in some habitat losses (Table 5.7). In addition, the project also poses potential threats 
to Mangrove (M) areas located within 100m of the roads. 
Table 5.7 Impacts on ecological valuable habitats due to the Crosslinks 
The Crosslinks  
Coverage Habitat Affected Potential Habitat 
Interface (m) Loss (m ) 
WWF WA 1153.8 209843.0 
Vegetation M 0.0 5084.9 
Map OW 一 121.1 28768.7 
W — 655.4 154194.0 
OZP CA — 60.2 13697.0 
CP — 0.0 0.0 
CPA 589.1 166255.0 ~  
SSSI 0.0 0.0 
The spatial locations of the affected ecological valuable habitats can be 
displayed through the query function of the prototype system. It can be seen that 
considerable sizes of wetland, woodlands and coastal protection areas affected may be 
affected by the proposed development (Figure5.2 and Figure 5.3). 
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Figure 5.2 Spatial distribution of affected conservation areas (based on OZP) 
due to the Crosslinks 
/ O3 V ^ ^ ^^ «rvation Areas based on OZP 
S 
0 S Kilomsters 
Figure 5.3 Spatial distribution of affected ecological valuable habitats (based 
on WWF vegetation map) due to the Crosslinks 
醒 ; - 1 
5 0 5 IJ) Kilometers 
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5.4.1.3. Land Acquisition Impacts 
The Crosslinks project also requires acquisition of land currently used for 
cultivation (C and AGR), fish ponds (OW), existing residential developments and 
village houses (U, U2, R(B)，R(C) and R(D)). The system developed can estimate the 
area of land-take on different land use types and such information is required the 
estimation of land acquisition costs (Table 5.8). 
In addition, parts of the Crosslinks alignment are close to the Castle Peak 
Firing Range. As the Castle Peak Firing Range serves a military purpose, results from 
the pilot study alerted that the proposed alignment is too close to a military area. 
During the route planning process in the Crosslinks project, a number of 
alternatives were considered. In the following section, the pilot study will assess and 
compare the various alternatives with the objective of identifying the preferred option 
which may cause the least environmental disturbance. 
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Table 5.8 Land acquisition impact due to the Crosslinks 
Coverages Land Cover Affected Potential Land-take 
Interface (m) (m )^  
WA 1153.8 209843.0 
SEA 6820.8 1452060.0 
L/G 2916.6 一 558304.0 
B 1858.0 — 377369.0 
T/G 2446.9 — 507725.0 
C 1547.9 266962.0 
G 55.8 15119.6 
WWF L 1667.9 343614.0 
Vegetation Map M 0.0 5084.9 
U 2 3 5 2 3 . 4 — 7 2 4 7 7 9 . 0 
OW 121.1 一 28768.7 
T 476.6 123139.0 
AC 636.3 119809.0 
P L 5 6 6 . 5 1 1 7 0 7 2 . 0 
U 6814.4 — 688137.0 
W 655.4 — 154194.0 
CPA — 589.1 166255.0 
Q ( R E C ) 3 6 . 4 1 2 0 8 2 . 3 
R ( C ) 3 7 5 . 4 7 8 2 4 5 . 7 
I 19.5 — 1 8 8 4 7 . 9 
O U 718.5 ~ 191073.0 
R O A D 3 6 5 . 1 “ 7 3 4 3 3 . 5 
AGR 2090.8 403725.0 “ 
O 0 .0 “ 5 8 2 7 . 7 
R ( B ) 4 7 7 . 7 ~ 9 2 9 4 4 . 2 
O Z P R(D) 656.1 ~ ~ 147230.0 
CA 60.2 一 13697.0 
G/IC 501.2 119704.0 
U 6814.4 1346230.0 
Castle Peak 21348.9 
Firing Range  
V 443.7 81647.6 — 
G B 6342.1 “ 1265390.0 
REC 1094.3 211226.0 
R ( B ) 1 0 .0 5 5 0 5 . 3 
R ( B ) 2 50 .2 1 4 7 1 5 . 1 
G / I C ( S C H ) 0 .0 1390.5 
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5.4.2. Assessment of Alternative Options 
5.4.2.1. Tuen Mun Southern Bypass 
Part of the Crosslinks project passes to the south of Tuen M u n and there are 
two options for this particular link. The original option is an elevated offshore 
alignment while the alternative route is a near shore elevated alignment (Figure 5.4). 
As calculated by the prototype, both options are of similar length, the former is 
4091.8 m long whereas the latter 3923.7m. 
Figure 5.4 The offshore and onshore options of the Tuen Mun Southern 
Bypass 
I 么 
^ A/The Offshore Option 
A / "The Onshore Option 
_ | N 
1 0 1 2 Krtometers y j  
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5.4.2.1.1. Noise Impacts 
Noise Emission 
Assuming the traffic flow of both options are the same (i.e. width 二 15m; Flow 
=2000 veh/hr; Phv=0.3; Speed 二 80 km/h), the estimated emission level at the 
roadside is 74.8 dB(A). As a result, the percentage of non-compliance on all of the 
affected land-uses of the two options are lOO。/^。If the sensitivity of the affected land-
uses is considered, the original offshore route poses relatively less noise impacts than 
the alternative. Regarding the original offshore alignment, the road has only an 
interface of 72.6 m with a recreational open space (O(REC)) and an interface of 133.8 
m with the R(B) zone at the landing of the bridge. As for the alternative route, the 
noise impacts on the recreational open space (O(REC)) is similar to the original 
offshore option, however the route imposes a greater disturbance on the high-density 
residential R(A) and R(B) areas with an interface of 263. Im and 675.5m respectively. 
The alternative alignment also has a considerable effect on the schools (G/IC (SCH)) 
within 100m of the route (Table 5.9). 
Table 5.9 Noise emission impact of two Tuen Mun Southern Bypass Options 
Offshore Option Onshore Option 
Land use Affected Interface (m) Affected Interface (m) 
R(A) q ^ 263.1 
O(lkc) 72.6 40.3 
I 一 30.1 0.0 
一 O U 0 .0 2 7 8 . 8 
— O 0 .0 1840 .8 
— C / R 0 .0 171.7 
— R ( B ) 133.8 675.5 
一G/IC 0 . 0 1 6 5 . 7 
一 G B 0 .0 97 .6 -
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Noise Immission Levels of Affected residential areas 
In the original offshore route, only one R(B) zone, with an interface of 
133.8m , is affected. 3.4% of dwellings in the area are estimated to be exposed to 
noise levels exceeding 70 dB(A). On the contrary, the alternative onshore route 
creates more severe noise impacts on the residential areas. The affected length of 
interface with R(B) is 5-foids greater than that of the original route. The alignment has 
an interface of 263 m with a high-density residential area, R(A). It is estimated that 
about 6 % of the dwelling units are non-compliant and will be exposed to noise levels 
exceeding 70 dB(A). A small percentage (0.2%) are even exposed to noise exceeding 
75dB(A) (Table 5.10). 
Table 5.10 Noise immission assessment of two Tuen Mun Southern Bypass 
Options 
Land Affected % non- % non- % non-
use Interface compliant compliant compliant 
(m) >=70dB(A) 1-hr >=75dB(A) 1-hr >-80dB(A) 1-hr 
Offshore R(A) 00 0.0 
Option R(B) 133.8 3.4 0.0 0.0 — 
Onshore R(A) 2631 ~ ~ 6.0 — 0.2 0.0 
Option R(B) 675.5 3.5 0.0 0.0 
5.4.2.1.2. Ecological Disturbance 
Both the original and alternative route do not seem to pose any significant 
ecological impacts, as the alignment cuts across developed area in Tuen Mun without 
any ecological value. The only ecological concern is the potential threat to the 
woodland (W) located within 100m near the landing area of the bridge. But the 
potential losses on the woodlands of the two options are about the same (Table 5.11). 
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Table 5.11 Comparison of the Ecological Impacts of the Two Tuen Mun 
Southern Bypass Options 
Offshore Option Onshore Option  
Coverage Habitat Affected Potential Affected Potential Habitat 
• rj 
Interface (m) Habitat Loss Interface (m) Loss (m ) 
(in!)  
WWF WA M q^ 0.0 
Vegetation M 0.0 0.0 一 0.0 0.0 
Map OW “ 0.0 一 0.0 — 0.0 0.0 
W 0.0 6618.6 0.0 6846.8 
O Z P C A - 0 . 0 — 0 . 0 0 .0 一 0 . 0 
C P 0 . 0 0 . 0 0 .0 — 0 . 0 
C P A 0.0 一 0.0 — 0.0 0.0   
SSSI I ' 0.0 0.0 0.0 0.0 
5.4.2.1.3. Land Acquisition Impacts 
A significant portion of the original offshore route is located on elevated land 
far away from the shore. This alignment minimizes the potential land acquisition 
conflicts because only a small area of land-take is required, however, such an 
alignment necessitates a very high engineering cost. As regards the alternative route, 
it may require land-take on the near shore. Land-use affected include residential areas 
(R(A) and R(B)), public facilities (G/IC), schools (G/IC (SCH)), open space (O and 
O(REC)), industrial area (I) and commercial-residential mixed area (C/R) (Table 
5.12). 
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Table 5.12 Comparison of the land acquisition impacts of two options of the 
Tuen Mun Southern Bypass 
Coverage Offshore Option Onshore Option  
Land Affected Potential Land- Affected Potential Land-
2 2  Cover Interface (m) take (m ) Interface (m) take (m ) 
W W F S E A 3909.0 1563.1 “ -
Vegetation T/G 0.0 13924.0 150.8 — 38404.4 
Map W 0.0 一 6618.6 0.0 6846.8 
‘ R(A) 0.0 0.0 263.1 47084.7 
O ( R E C ) 3 6 . 3 1 2 0 0 3 . 4 4 0 . 3 1 3 1 6 5 . 3 — 
1 27.3 6549.0 0.0 4 8 6 6 . 2 — 
一 O U 0.0 一 0.0 278.8 27520.7 
~ 1 R O A D 2 . 8 “ 1 4 2 3 4 . 7 2 2 0 . 8 — 3 2 1 0 8 . 5 ~ ~ 
O Z P O 0 . 0 “ 0 . 0 7 8 7 . 8 — 1 1 3 4 4 5 . 0 
C / R 0 . 0 “ 0 . 0 1 7 1 . 7 ~ ~ 1 4 8 8 7 . 2 
R ( B ) 6 6 . 9 - 1 8 1 6 9 . 5 5 9 7 . 1 85397.9 一 
G/IC 0.0 4078.7 62.7 ~ ~ 1 4 6 3 4 . 7 
G B 0 . 0 9 4 8 0 . 8 0 . 0 9 4 1 6 . 9 — 
G / I C ^ ^ ^ 1 8 5 3 . 6 
(SCH)  
To summarize, the two alternatives of the Tuen Mun Southern Bypass, 
produce similar minor ecological impacts. The nearshore alternative demands greater 
land acquisition and creates greater noise impacts. Though the original offshore 
option seems to require less land acquisition and produce less noise problems, it 
brings about greater water pollution and higher construction cost. These two aspects 
are however not considered in the prototype system developed. 
5.4.2.2. Alternative Alignments of the Deep Bay Coastal Road 
The original “coastal lowland" option of the Deep Bay Coastal Road passes 
through a lowland coastal strip of Deep Bay, a small part of the Castle Peak Firing 
Range and a viaduct crossing the sea at Nim Wan. An "upland" version was proposed 
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as an alternative. In terms of length, the two options are about the same, the former 
being 3792.4 m whilst the latter 3911.8 m (Figure 5,5). 
Figure 5.5 The lowland and upland options of the Deep Bay Coastal Road 
圓 
2 0 2 4 Kilometers V 
^ g g j g ^ a — ^― B i i i i s 
5,4.2.2.1. Noise Impacts 
Since both "lowland" and "upland" options lie on undeveloped areas, no 
existing noise sensitive receivers will be affected, so noise impact is not considered as 
a matter of concern. Therefore, both options have no difference in terms of noise 
impact. 
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5.4.2.2.2. Ecological Disturbance 
The original "lowland" route impinges on a 500 m stretch of the Coastal 
Protection Area between Ngau Horn Shek and Ha Pak Nai. That area has been 
identified as important area for ecological conservation purposes. It includes a number 
of habitats including the Pak Nai SSSI, egretries, mangroves, seagrass areas, mudflats, 
oyster beds, fish ponds and orchards, in a continuous zone. The route alignment may 
result in a potential loss of 80077.4 m^ of wetlands, 28467.2 m^ of fish ponds, 
23616.9 m of woodlands and 5116.6 m of mangroves which lie within 100m of the 
road (Table 5.13). The alternative "upland" option is located further away from the 
ecological sensitive wetlands, mangroves and woodlands. It has less impact on the 
fish ponds and on C P A because the affected interface is less than half of the original 
route. As a result, the alternative "upland" option can minimize ecological 
consequences of the Deep Bay Coastal Road. 
Table 5.13 Comparison of the ecological impacts of the two Deep Bay Coastal 
Road Options 
Lowland Option Upland Option  
Coverage Habitat Affected Potential Affected Potential Habitat 
Interface (m) Habitat Loss Interface (m) Loss (m ) 
(m!)  
W W F W A 456.0 80077.4 ^  
Vegetatio M 0,0 5116.6 0.0 0.0 
n M a p O W 115.0 28467.2 — 32.6 7736.6 
W 153.0 23616.9 — 0.0 1028.2 
OZP C A 0.0 0.0 0.0 一 0.0 
— C P 0.0 — 0.0 0.0 0.0  
~ ~ C P A 497.0 — 135329.0 221.1 “ 40539.8 
SSSI 0.0 0.0 0.0 0.0 
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5.4.2.2.3. Land Acquisition Impacts 
The original "lowland" route is close to the Castle Peak Firing Range and the 
project requires land acquisition of relatively huge size of fish ponds (OW), cultivated 
land (C and A G R ) and village development (U2). As most of the fish ponds and 
cultivated land are privately owned, the alignment may impose significant land use 
and land acquisition implications. When compared with the original "lowland" route, 
the alternative "upland" option greatly reduces the land acquisition on those private 
areas. However, the upland option has more than 2 km of its route cutting through the 
Castle Peak Firing Range. It may create another kind of land conflict or acquisition 
problem (Table 5.14). 
To sum up, both the original "lowland" option and the alternative "upland" 
option pose no significant noise impacts. But the "upland" road creates less ecological 
and land acquisition problems. 
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Table 5.14 Comparison of the land acquisition impacts of the two Deep Bay 
Coastal Road Options 
Coverage Lowland Option Upland Option  
Land Affected Potential Land- Affected Potential Land-
Cover Interface (m) take (m )^ Interface (m) take (m )^ 
W A 456.0 80077.4 0.0 “ 0.0 
S E A 36.6 - — 32.0 -
B 0.0 0.0 1139.8 220963.0 — 
T/G 3 2 4 . 8 6 3 2 6 2 . 0 2 8 2 . 6 90900.4 — 
L 0 . 0 0 . 0 2 0 5 6 . 6 — 3 7 7 3 8 7 . 0 
W W F C 566.1 96439.3 0.0 一 0.0 
Vegetatio M 0.0 5116.6 0.0 — 0.0 
n M a p U2 “ 510.6 12486.7 31.7 “ 6030.1 
O W 115.0 28467.2 32.6 — 7736.6 
A C 176.4 “ 30693.3 30.6 — 18833.4 — 
PL 207.0 一 38501.4 189.1 一 47016.9 
U 114.6 52642.2 117.0 21091.5 — 
W — 153.0 23616.9 0.0 ~ 1028.2 
C P A 497.0 — 135329.0 221.1 “ 40539.8 
A G R 2064.9 — 376366.0 341.3 — 85011.9 — 




GB 1214.0 242477.0 | 1064.9 219326.0 ‘ 
5.4.2.3. Alternatives of Deep Bay Link 
There are three alternative landing points for the Deep Bay Crossing. They are 
the landing point at Pak Nai, the landing at Sheung Pak Nai, and a further possible 
landing point at Ngau Horn Shek. These landing points and associated specific Deep 
Bay Link alignments are termed the southern, central and northern options 
respectively in this thesis. The southern and central landing points would necessitate 
the building of the Deep Bay Link in form of a tunnel, whereas with the northern 
option, the Deep Bay Link can be built at grade around the north part of the Castle 
Peak range. The northern option is the shortest (2900.2m) while the central and the 
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southern options are longer, being 3743.1m and 3346.6m respectively. The route 
alignments of the 3 options of Deep Bay Link are shown in Figure 5.6, 
Figure 5.6 The route alignment of the 3 Deep Bay Link Options 
I 
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5.4.2.3.1. Noise Impacts 
Noise Emission 
Assuming that the traffic flow of the 3 options are identical (i.e. Width 二 20m; 
Flow = 3000; Phv = 0.4; Speed = 100), the noise emission at the kerbside is estimated 
to be 78.6 dB(A). This will result in 100% non-compliance on adjacent land uses. The 
difference in the noise impacts between different options does not arise from the 
roadside noise emission but rather on the type of land use abutting the proposed 
roadway. 
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As the Deep Bay Link lies largely on undeveloped area where there are only 
some low-density village houses. The northern option poses noise impacts on low-
density New Territories Exempted Houses (R(D)) with an interface length of 513.2 m 
and on recreational area (REC) with an interface length of 2194.0 m. Both central and 
southern option have avoided the recreational area (REC) and imposed lesser noise 
impacts on the R(D) by reducing the interface length by about half. However, they do 
create much greater noise impact on the Conservation Area (CA) and Coastal 
Protection Area (CPA) than the northern option (Table 5.15). 
Since no major residential areas will be affected, no noise immission 
assessment was carried out for the different options of the Deep Bay Link. And the 
noise impact brought by the Deep Bay Link is not considered a critical issue. 
Table 5.15 Noise emission impact of the three Deep Bay Link options 
Northern Central Option Southern 
Option Option 
Land use Affected Affected Affected 
Interface (m) Interface (m) Interface (m) 
CPA “ 862 974.7 304.0 
一 AGR 105.1 — 722.6 1426.6 
CA 59.8 — 3444.2 3213.2 
" " “ R ( D ) 513.2 234.2 347.8 
GB 2793.9 1163.4 — 1338.2 
— R E C 2194.0 0.0 0.0 
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5.4.2.3.2. Ecological Disturbance 
The northern option traverses some wetlands. Conservation Areas and Coastal 
Protection Areas. Woodlands are found within 100 m from the alignment. But the 
magnitude of the overall ecological disturbance of the route is considered relatively 
minor because the affected interface of each ecological habitat is less than 90 m. 
Of the three options, the central option creates the greatest severe ecological 
consequences. Though the central option has avoided some woodlands, it is located at 
the Sheung Pak Nai headland where some of the wetlands is zoned CPA. In addition, 
the alignment directly interfaces with some wetlands (2 times greater than Northern 
option), mangroves at the Sheung Pak Nei CPA (10 times greater than the Northern 
option) and also cuts through CA (30 times greater than the Northern option). 
Although a tunnel option has been suggested to pass through the CA, such 
construction method may incur higher construction costs. 
Among the three options, the ecological consequences brought by the southern 
option are moderate. It has direct interface on some woodlands, it may threaten nearby 
fish ponds, and directly intrudes into the Conservation Area. The option incurs a high 
construction cost for the tunnel with a length of 1606.6m (Table 5.17)� 
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Table 5.16 Comparison of the ecological impacts of three options of the Deep 
Bay Link 
Coverage Northera Option Central Option Southern Option 
HabitatAffected PotentialAffected PotentialAffected | Potential 
Interface Habitat Interface Habitat Interface Habitat 
(m) Loss (m )^ (m) Loss (m )^ (m) Loss (m )^ 
WWF WA 87 >6 268612 219.9 2977L0~ 85.3 17452.1 
Vegetation M ~ 0.0 — 0 . 0 36.0 15288.0 0.0 0.6 
Map OW — 0.0 _ 0 . 0 0.0 0.0 0.0 6 6 2 7 2 ~ 
W 0.0 80240 0.0 0.0 145.2 10691.2 
OZP CA ~ 5 9 . 8 ~l3689.Q 1722.1 330870.0 1606.6 318075.0""  
CP 0.0 0.0 0.0 “ 0.0 一 0.0 0.0 
CPA— 43.1 一 10105.9 489.1 “ 94120.3 191.4 31373.7 
SSSI 0.0 0.0 0.0 0.0 0.0 0.0 
5.4.2.3.3. Land Acquisition Impacts 
The northern option requires substantial acquisition of residential land (U, U2 
and R(D)) and moderate acquisition on cultivated land (C and AGR). The central 
option requires much less land acquisition in residential areas, nevertheless it 
demands more acquisition of cultivated land than the northern option and the 
alignment is also in close proximity to the Castle Peak Firing Range. At last, the 
southern option requires acquisition of a vast amount of cultivated land (C and AGR) 
and moderate acquisition of village area (U, U2 and R(D)). Together with the high 
tunnel and cavern system construction costs, this option may be the most costly 
(Table 5.19). 
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Table 5.17 Comparison of the land acquisition impacts of three Deep Bay 
Link options 
Coverage Northern Option Central Option Southern Option 
Land Affected Potential Affected Potential Affected Potential 
Cover Interface Land-take Interface Land-take Interface Land-take 
(m) (m^) (m) (m^) (m) (m^) 
WWF WA 87.6 26761.2 219.9 2977 LQ 85.3 17452.1 
Vegetation SEA 57.3 - — 544.7 - 64.5 -
Map L/G 0.0 6804.7 64.3 — 18302.3— 153.7 一 27417.7 
B “ 0.0 0.0 ~~218.9 ~~725143 1 2 2 ^ ~ 64866.厂 
T/G “ 893.0 —165727.0 99.3 "^600.4 198^ 0""“ 56870.7 
C “ 182.9 一 36821,3 222.9 36233.6 3 9 . 9 1 0 6 8 1 . 5 
G 55.4 75S5y~ 0 . 0 — 0.0 — 0.0 0.0 
L ~ 281.8 46643.4 989.6 "165933.0 909,7 147173.0 
M ~ 0.0 0.0 一 36.0 —15288.0 0.0 0.0 
U2 1103.5 222924.0 — 265.7 106768.0 646.8 134832.0 
OW 0.0 0.0 0.0 0.0 “ 0.0 6627.2 
AC— 0.0 17.4 — 236.9 ~27915.6 —208.2 40273.1 
PL “ 0.0 4966.1 — 844.7 161808.0 ""“644.0 127675,0 
U 一 238.9 58032.3 — 0.0 ~1591Q.l 128.4 13412.1 
W 0.0 8Q24!Q~ 0,0 0.0 145.2 “ 10691.2 
OCT CPA 43.1 1 0 1 0 5 T 9 4 8 9 . 1 94120.3— 191.4 一 31373.7 
AGRT 105.1 26398.1 “ 361.3 —92847.1 673.9 — 146803.0 
R(D) 226.7 61495?7~ 117.1 ~ ~ 29616.7~ 173.9 26947.0 
CA 59.8 "“ 13689.0 —1722.1 ~ ^ 8 7 0 . 0 "1606；^ 318075.0 




G/IC 0.0 400.0“~ 0.0 ~ ~ 0.0 — 0.0 0.0 
GB— 1344.4 266852.0 一 581.7 133954.0 669.1 148554.0   
REC 1097.0 212352.0 0.0 5522.9 0.0 228,1 
To conclude, the central option may create severe ecological disturbances on 
the Sheung Pak Nai CPA and Conservation Area (CA). The central and southern 
options suffer from the high engineering cost due to need of constructing the tunnel 
and the cavern system in order to minimize direct intrusion into the conservation area. 
The northern option, landing at Hgau Horn Shek and passing at-grade through the Ha 
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Tsuen area to Lam Tei, is demonstrated to provide the overall best solution taking into 
account of the ecological, land acquisition and noise factors. 
5.4.3. Experience Learned from the Pilot Study 
The pilot study has illustrated that the prototype system can be a SEA tool by: 
• Providing a desk-based assessment framework which requires little man power 
and processing time; 
• Allowing visualization of the results through histograms and tables; 
• Identifying the cumulative effects of the tested plan; 
• Quantifying results with selected performance indicators to aid evaluation of 
impacts and comparison among alternatives; 
• Generating systematic summary reports to assist the preparation of SEA reports, 
• Conserving the ecological important habitats and alleviating the ecological 
impacts by: 
• Delineating the spatial distribution of the affected ecological valuable 
habitats through the query function of the system for further detailed 
assessment; 
• Allowing shifting of road alignment away from the sensitive areas directly 
on-screen to minimze the potential habitats loss; 
• Minimizing land acquisition costs and potential conflicts by identifying and 
minimizing the intrusion or land-take on cultivated lands, fish ponds, residential 
areas and military 'TSfo-Go" area in the early planning stage; 
• Identifying the need for tunnelling or viaduct construction; 
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• Estimating the noise emission levels received by sensitive land uses and noise 
immission levels received by the residential areas 
• Identifying the percentage of non-compliance with HKPSG critical noise limit 
• Identifying the spatial distribution and the types of affected noise sensitive 
receivers through the query function of the system for further detailed assessment; 
• Illustrating where the noise barriers should be placed, so to estimate the 
construction cost. 
5.5. Summary 
To try out the functions of the prototype system developed, a pilot study was 
undertaken on the proposed Crosslinks project, a cross-border road network in the 
North-western part of Hong Kong. The noise, ecological impact and land acquisition 
implications of the Crosslinks and the associated alternatives were assessed and 
compared. Results of the pilot study show that: (1) The GIS-based assessment system 
developed is an effective, simple, and easy-to-use SEA tool suitable for the 
assessment of cumulative effects and for the comparison of alternatives; (2) The tool 
can be used for assessment the land-take, ecological impacts and noise immission 
levels in a high-rise city with complex building configurations; and (3) The tool is of 
an appropriate scale for broad-brush assessment at the strategic level. More detailed 
assessment should be left for project EIAs. 
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CHAPTER 6. CONCLUSION 
The development of road infrastructures can bring about significant noise and 
ecological impacts. While the conventional EIA techniques can help identify the 
impacts on a project basis, there is a need to develop strategic noise and ecological 
assessment tools to predict the impacts for the whole road network and for the 
comparison of alternatives. 
A GIS-based strategic assessment system has been developed for the 
preliminary assessment of alternative routes in road network development. The 
system has been applied to a pilot project and the results are presented to test various 
functions of the system. As a conclusion, this chapter summarizes the design concepts, 
functions and capabilities of the prototype system�This chapter will discuss the 
limitations and possibilities for improvement and further extension. 
6.1. Design Concepts and Features 
The research has illustrated the development of a GIS-based SEA tool to 
assess two key transport-related environmental impacts in Hong Kong, noise and 
ecological impacts. Land acquisition has also been assessed because land is expensive 
in Hong Kong and the cost of land resumption is also a major consideration in project 
planning. 
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Since the aim of the system is to facilitate the incorporation of environmental 
concerns into transportation and land use planning, target users are not solely 
environmental specialists, but also non-environmental professionals, such as planners, 
designers and decision makers. The prototype system developed has the following 
features: 
L User-friendliness 一 easy to learn and use, with buttons for initiating 
operations and tables for data input; 
2. Flexibility - to allow future modification and extension; 
3. Tiering — to allow both preliminary assessment (noise emission assessment) 
and in-depth analysis (noise immission assessment); 
4. Focus on key issues - with results alerting the users; 
5. Rapid Assessment — allow immediate feed back of environmental 
consequence in the planning process; 
6. Comparison of alternatives - of quantitative results; 
7. Visualization of findings of different alternatives and for incorporation in 
reports; and 
8. Able to assess regional and cumulative impacts - focus on impacts pose by 
the whole road network rather than individual road segments 
GIS provides a suitable platform for developing a tool for SEA. The spatial 
data collection, management and analysis power can assist baseline data collection 
and systemization, impacts estimation, alternatives and scenarios identification and 
analysis, output presentation, data management during monitoring and public 
participation in the SEA process. 
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The regional assessment conducted by the system follows a desk-based 
approach, which greatly reduces the need for laborious and time-consuming field 
work，but still allows a broach-brush estimation of the potential environmental 
consequences of the road network. Such an approach facilitates tbe early recognition 
of problems, subsequent reduction of environmental impacts, and comparison of 
various alternatives or scenarios. 
Integrated with the CRTN88 model, the prototype system can estimate the 
noise impact on adjacent sensitive land uses both in terms of the roadside noise 
emission and noise immission levels at the dwelling units adjacent to the proposed 
road networks. 
Assessment of the noise impact on residential areas based on “immission，，to 
dwellings rather than on "emission" from roads is required for compact high-rise 
cities such as Hong Kong. A broad-bush "emission to immission" transformation 
based on the urban layout has been developed in this study. It is based on the 
observation that noise propagation attributes is related to the urban form as reflected 
in the building layout plans. A study of the noise attenuation patterns of major urban 
forms in Hong Kong shows that different attenuation patterns are related to different 
forms. Therefore, it is possible to derive a transformation fimction which can be 
applied to roadside noise emission to obtain the noise immission levels for a 
residential development district. 
The output of the strategic noise assessment is in the form of the percentage of 
non-compliance with current noise standards and guidelines, 
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The potential impacts on the ecologically sensitive areas can be estimated by 
overlaying in the GIS platform, the proposed road network on WWF vegetation maps 
and statutory OZPs and calculating the zone of impact on both sides of the proposed 
alignment. Similarly, the land-take required for the development of the road network 
can also be estimated. 
The assessment criteria of strategic ecological assessment and land acquisition 
are in tenns of affected length of interface and area of the potential land-take. 
To try out the functions of the prototype system development, a pilot study 
was applied to the Crosslinks, a proposed cross-border road network in the NWNT 
part of Hong Kong. The noise, ecological impact and land acquisition implications of 
the Crosslinks and its associated alternatives were assessed and compared Results of 
tiie pilot study show that: (1) The GIS-based assessment system developed is an 
effective, simple, and easy-to-use SEA tool suitable for the assessment of cumulative 
effects and for the comparison of alternatives; (2) The tool can be used for assessing 
the land-take, ecological impacts and noise immission levels in a high-rise city with 
complex building configurations; and (3) The tools is of an appropriate scale for 
broad-brush assessment at the strategic level. Issues highlighted in the SEA process 
can become the focus of assessment in subject project-based EIA studies. 
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:o account land ownership to reduce the chance of 
eded for land resumption or compensation. 
；ope to incorporate into the system an inventory of 
ant sites of cultural heritage in Hong Kong. There 
lata is always the critical issue 
tectural cultural heritages in Hong Kong and they 
ystem to minimtze impacts on cultural heritage. 
I e is very much limited by the 
j 
I is thesis. Hong Kong still lacks 
i lie habitats and the distribution 
I ry. Hence, the system can only of developing a Regional Strategic Road Planning 
\M for various habitat types, and to achieve sustainability in infrastructure 
1 
j ssessed In fiiture，when such be fiirther improved and developed to become a 
I he assessment framework. For tanning of road networks by adopting a integrated 
j 
jcanked to depict areas of high and environmental approach. Other social and 
esignate areas of exceptional ^ project planning should also be incorporated. 
！ 
i 
丨 an environmental assessment tools, the system can 
! 
i 
I ag a number of extensions. 
to serious conflicts between 
I 
I huge amount of money spent extensions is to integrate the system with some 
I 
1 • 
I mportance in the assessment, so that the differential changes in the flow and 
j 
^^ailable database. But if the s of a network can be projected. The GIS system 
观h a land-ownership data set 9^6) was a significant pioneer work in this direction 
I he system, assessment of the �y which planners can conduct transport and 




Secondly, the integration with air pollution models (e.g. CALINE4) will also 
be a step towards the real comprehensive "Strategic Environmental Assessment" since 
air pollution is a critical impact by road development. Moreover, the assessment of 
noise and air quality impacts are based on similar traffic parameters such as the road 
width, traffic volumes, mean vehicular speed, percentage of heavy vehicles, setback 
distances of land uses. 
With increasing availability and digitized maps, there is also plenty of scope 
for using GIS in environmental assessment in Hong Kong. In the future, it may be 
possible to retrieve information about not only land use type, but also heights, 
orientation and window openings of different buildings. That will significantly reduce 
the amount of field surveys required for obtaining the data input for the system, thus 
further enhancing its utility. 
Finally, as more and more ecological information is available. Territorial wide 
data such as biodiversity hotspots and habitat ecological quality, rare flora and fauna, 
land ownership, landscape and cultural heritage can be incorporated into the system 
for more comprehensive, informative and precise assessment. 
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Prior to running the noise prediction model, the following information has to 
be digitized into the model: 
• road links 
• building and site layout 
• sensitive receivers ( In the research, each reception point represents one dwelling 
units, the reception points are Im in front of the window which is closest to the 
road. For R(C) dwelling units, since there is one dwelling unit per house, a single 
receptor point at 2.8 m (the average head room of dwellings) is used to represent 
the noise exposure of each R(C) dwelling unit) 
• barriers 
• outlines of ground types 
• local topological conditions 
Information of parameters affecting noise strength and propagation: 
• traffic flow data (traffic volume (1 hr), mean vehicular speed, percentage of 
heavy vehicles) 
• width, surface and gradient of road 
• width and height of barriers 
• height and number of floors of buildings 
• spot height 
They are then input manually, so that the information can be used by the models for 
noise calculations. 
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Same as the CRTN88, the source of traffic noise (the source line) is taken to 
be 0.5 metres above the carriageway level and 3.5 metres from the nearside 
carriageway edge. 
According to the CRTN88, the predicting noise exposure at a reception point 
from a road scheme involves five steps: 
1. Divide the road scheme into one or more straight segments such that the variation 
of noise within the segment is small; 
2. Calculate the basic noise level at a reference distance of 10m away from the 
kerbside for each segment; 
3. Assess for each segment the noise level at the reception point taking into account 
attenuation due to distance and screening; 
4. Correct the noise level at the reception point on account of the site layout features 
including reflections from buildings and facades，and size of the source segment; 
5. Combine the contribution from all segments to give the predicted noise level at 
the reception point for the whole road scheme. 
The predicted noise levels are finally expressed in terms of the index Lio 
hourly dB(A). Figure I presents the iterative noise prediction procedures 
diagrammatically-
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Figure I Flow chart for predicting noise from road schemes 
(Source: The Transport and Road Research Laboratory and me I>eparttnent of Transport, United 
Kingdom. 1988. Calculation ofRoad Traffic Noise. London: HSMO.) 
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APPENDIX II R(A)，R(B), R(C) NOISE ATTENUATION 
PATTERNS 
171 
Noise attenuation pattern of R(A): 
Noise exposure level deviated from the Number of dwellings % of dweUii^ 
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(G1S) ’而可應用于高密度城市道路交通噪聲預測和評价 工•^、贞矹&工It ° 
的工具。第一套系統可用于建筑樓宇群噪聲暴露的評价；八工工—曰 
另-套則可用于區域道路网絡的噪聲評价。 • 了 ⑶、’ 1㈣源与接受 
第-套系統將主要為城市規划与道路設計工程師在道• r二 女;J面覆蓋類型，交通噪聲傳播過程中的阻障物 




整性和精确性之間作出妥協。系統中的 G I S組件可以使用丫 =集 h f、丄分 t f處理及顯示 
戶對模型的計算結果進行交互式的查詢，并提供三維顯fe出的吕十f丰^，：^二嶋色是對•間數据的管理、 
示。這對于高密度觀的城市极具實用价值’同時這• 二斤 j f、5?5•的空敞型’空『严據与非空間(屬 
戶 与 系 統 交 互 的 方 式 ’ 可 使 規 划 者 很 容 易 地 對 其 設 計 進 行 . 丄 ， 貞 
精細的調整’以期實現最佳的聲屏障效應。 ==麵測、評价和規划中’連用GIS技術則是邏輯 
第二套系統也在GIS平台開發’我們通過評价道路交通网 __'、’‘、& ° 
的環境噪聲影響’將噪聲評价從項目層次提升到區域性戰‘ f、 #。々 i、 & n。 = e i /八丄 ^ ^ ^ ^ 
略層次。道路交通噪聲對于某些生態敏感區域和噪聲_就，則而二 路 聲 f t ’有兩個王要的， 
受体’例如學校’醫院以及面對擬建道路的居民樓群_ L 向 鄉 二 道 目 的 銜 情 f 另 — 個 戈 . 
重要影響 •我們所發展的系統將在這方面的比較及道路選° 軟件， 
線門題上具有彳土殊的作用 RoadNoise ’并將兩者結合起來’開發了基于地理信息系 




地理信息系統(GIS) ’噪聲預測模型 ‘道路交通噪聲評 
价’國單遍纖平价 2 •交通噪聲預測模型与GIS的結合 
國內外學者對環境數學模型与GIS的結合已經做了較多的 
1 -引言 硏究。包括流域水文模型、水質模型、空气污染模型、生 
隨著城市和城市基礎設脑發展，出現了-批人•密JI態模型在內•多環境模型都在不同層次上与GIS實現了 
高 、 交 通 密 度 高 及 社 會 經 濟 活 動 密 度 大 的 高 密 度 城 市 。 冑 — [ ^ M S ] 。 ' ㈣ 
密度城市的發展導致了城市環境污染的加劇和居住環境質 L 罾 胃 貞 。 ”_ 
量的下降。在高密度城市中’環境噪聲污染日益醒。由在本•究中’ • • 的 噪 • • 型 是 央 國 j ^ J ^ J 
于城市中各類机動車的數量急劇上升.交通噪聲的影響越（Department of Transport)模型。該模，原由央，^丨見， 
來越受到人們的關注。在香港、北京、紐約、巴黎和北京（DOE)于1975年隨’ • 年 由 = 作 其 
等-些特大城市’道路交通噪聲在環境噪聲中的貢獻達赫思路是，首先，交， f運 f i t s，。比: 
60。/。—70%。在-些大城市，交通干線白天交通繁忙，㈱道路寬度和坡f，=== ’ 





算出總聲級值。[6]英國W.S. Atkins公司依据DOT模型的有 若干圖層，用ArcView分別數字化輸入計算 
關硏究報告CRTN88 (Calculation of Road Traffic Noise, 机，建立各自相應的屬性數据庫。系統主要采 
1 9 8 8 )開發硏制了相應的交通噪聲預測軟件包 用以下几种要素進行交通噪聲預測： 
RoadNoise ’我們所運用的是其核心運算模塊ROPLAN ° 交通路段——將道路分成若干的直路段’系 
本項硏究選用的GIS系統是基于Windows平台的ArcView 統中以線狀要素來表示； 
v.3.0a ° ArcView GIS是美國ESRI公司開發的面向對象的 地面類型——將預測涉及范圍內的地面分成 
GIS系統’該系統具有良好的用戶界面’并帶有類庫丰富的 軟、硬兩种’由多邊形表示； 
二次開發語言Avenue ° ArcView還帶有一系列擴展模塊 地表斷面——指能影響交通噪聲傳播的地表 
(Extensions),包括 Spatial Analysis, 3D Analyst, CAD 斷面，由折線表示’折線上各 















。 人 工 輸 入 ’ 而 空 間 數 据 則 是 由 系 統 自 動 生 成 。 . 
3 •道路父通聲評价系統的設計与构建 
谷頸數据口 見表 1。 
3.1建筑樓宇群噪聲暴露的預測評价与輔助規划系統 （3)通過ArcView啟動?RoadNoise的核心模 







1 1 空間數据 屬性數据 舉例 
交通道路 起始點坐標及海拔 車流量、重型車比例、 街道、各等級公路 
高度、坡度 車速、路面性質、 i  
. 車道數、路寬 I 
地面類型 多邊形的各點位置 軟地面或硬地面 草地（軟）、水泥或 I 
柏油路面（硬） M 
.地表斷面 折線各點位置及高度 無 公路兩旁的陡坡、斷^ 
阻障物 線段兩端位置及高度 阻障物厚度、縫隙度 聲屏障、房屋、院牆______ 漏 
建筑物 多邊形頂點位置 樓層數、每層樓高度 居住小區內的樓房  
接受點 位置、离地面高度、 名稱 X棟X單元X層窗外1米 • 
海拔高度、對聲源的視角 J  
196 ^ ^ H 
, J I 
3.1.2系統的主要功能 3.1.3系統的應用 
歸納起來’我們所開發的系統主要實現了以下 利用該系統對香港签灣區2 1個居住小區 
功能： 39000多個住宅單元進行交通噪聲預測，并与 
(1 )1彳交通噪聲預測所需的各种要素進行錄 409個實測點的結果比較，汪明預測結果無系 




受點的噪聲分貝值進行計算’并將預測結果返 峰值L10 (1小時）指標。 

















、 属性数据处理 Si�可数据处理 
的 要 $ (The EPD Guideline f〇「Traffic Noise 各类统计、实》等非空间数据 各类点、线、面空间数据的输 
Assessment Report)對改建道路或新建道路 p j的 入、鎮'査询 卜 
對于各接受點的噪聲分貝值的貢獻分析具有重 J^]. 丄 




路在改建或新建前后I各接受點的分貝數的增 H  
量；還可以分析某一條新建道路在某接受點噪 多力-If査胃询mmllZf^^： 
聲分貝增加值中的貢獻。所有這些分析功能都 ：〗=l=gi^  
將為小區交通噪聲預測、評价及噪聲污染賠償 
提供技術支持。 ^ M ~ 



















言平&對象 單一的道路建設項目 區域道路网絡’道路選線 • 
評价結果 住宅單元的噪聲水平 區域道路噪聲的總体分布 “ 
輸入 項目的詳細資料、數据 區域道路的發展規划、較為宏圖的信息与數据 
評估准則 超標狀況 敏感或較敏感建筑類型的噪聲分布、區域超標狀況、 
對人群健康的影響等 
對策措施 針對具，項目的降噪措施， 針對區域道路交通网絡的方案优化， 














慮聲源是不乡j的° [10]因此’在系統設計時’我們采 （2)繼續開發戰略層次的交通噪聲預測、評价与決策支持 
用基于噪聲受体的評价思想° 系統。在第一方面’目前的系統雖然已經具有一定的 




個問題：第一 ’不同=小區分布著不同住宅類型’對 集成了預測、評价、規划、決策等多种過程的決策支 
于小區內的眾多噪-受体’其分貝數具有怎樣的分布 持系統’是一個重要而有意義的課題。對于第二方 
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GIS-Based Road Traffic Noise Assessment Systems 
Kin-Che LAM, Weichun MA，Bengang LI & Shu-Pan Yu 
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The Chinese University of Hong Kong 
Abstract Key words: 
The Centre for Environmental Studies at The Chinese Uni- noise assessment, GIS, strategic impact assessment 
versity of Hong Kong has developed two GIS-based as-
sessment tools for road traffic noise prediction and as-
sessment in compact and high-rise cities. The first one is 
for assessing the noise exposure of clusters of building 
blocks, and the other f〇「the strategic assessment of road 
networks. 
The first of these two is intended fo「urban designers and 
road engineers for use in route alignment, site planning 
and building layout design. It is an integration of 
ROADNOISE, a road traffic noise software based on the 
CRTN88 procedure, and ARCVIEW, a popular GIS 
software. Integration of these two has enhanced the data 
input/output and editing capability without compromising . 
on the integrity and accuracy of the original noise predic-
tion model. The GIS component has enabled the results 
to be queried interactively and to be displayed in a 3-D 
format which is extremely useful in a high-rise city. These 
enhanced user-system interaction features can greatly 
facilitate planners to fine-tune the layout so as to achieve 
the most optimal acoustical screening effects. 
W e have also extended noise assessment from the project 
level to the strategic level by assessing the environmental 
impact of the road network on a GIS platform. The system 
developed is particularly useful for the comparison and 
selection of routes based on a number of indicators, such 
as potential impacts on ecological sensitive areas and 
noise sensitive uses (such as schools and hospitals), as 
well as noise impact on residential blocks flanking pro-
posed roadways. 
The capabilities, functions and limitations of these sys-
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Abstract 
Environmental impacts from roadways have become matters of concern in many 
countries. In the past, environmental assessment has been undertaken at the project level using 
conventional environmental impact assessment (EIA) techniques. However, many deficiencies 
arising from project EIAs have been recognized and Strategic Environmental Assessment (SEA) 
has recently been advanced to make up these deficiencies. This paper reviews the application of 
S E A in the transport sector and reports the attempts made to develop a GIS-based S E A tool used 
to assess the noise and ecological impacts of road networks in Hong Kong. GIS is used because 
of its capabilities in spatial data management and analysis and visualization ftinctions, which is 
most appropriate for the assessment of road networks. The prototype assessment tool developed 
has been applied to the assessment of a newly proposed road network linking Hong Kong with 
China Mainland. The tool developed can serve as a broad-brush evaluation too丨 for assessing the 
environmental impacts of proposed road networks in the absence of detailed information. 
1. Introduction 
Hong Kong is one of the densest cities in the world. The burgeoning population and 
economic activities have called for the construction of more and more transport infrastructure 
whose development is constrained by the shortage of land, proximity of residential developments 
and conflict with areas of high conservation value. Adverse environmental impacts can include 
severe traffic noise intrusion and loss of important ecological habitats that call for the attention of 
decision-makers. In the past, EIAs have been undertaken to assess the environmental impacts of 
the proposed roads and railways. However, project-based EIAs can only be applied to certain 
segments of the road in a small area, rather than to the whole road network in a region. While the 
benefits of project EIA have been recognized and the methodologies are already well developed 
(OECD, 1994a), EIAs for road projects are often criticized for ignoring issues like cumulative 
effects and comparison of alternative routes (Lamure, 1997). Furthermore, once the transport 
network plans are already in place, any modification at the network level is usually difficult even 
) 
if the project EIA may indicate such a necessity (Brown and Afftim, 1997). 
Because of the shortcomings of project EIAs, the Strategic Environmental Assessment 
(SEA) of road networks is gaining more and more acceptance. Shepherd and Ortolano (1996) 
observed that S E A had emerged as the way to integrate EIA and comprehensive planning to 
promote urban sustainability by incorporating environmental concerns early in the 
decision-making processes for policies, plans and programs. 
S E A is defined as a formalized, systematic and comprehensive process of evaluating the 
environmental impacts of a strategic action and its alternatives, including the preparation of 
written reports on the findings of that evaluation, and using the findings in publicly accountable 
decision making (ECMT, 1998). In the transport planning process, SEAs are conducted to 
evaluate the environmental impacts of major infrastructure projects or transport interchanges 
(Lamure, 1997). Specificly, SEA can overcome the deficiencies of project EIAs in a number of 
ways. Firstly, environmental assessment can be undertaken in a proactive way because SEA 
integrates environmental and development considerations at the early planning stage. Any 
policy-level alternatives and program-wide mitigation measures can be considered before major 
project-based decisions (Sheperd and Ortolano, 1996). Secondly, since S E A is carried out at the 
early planning stage, it can effectively assess alternative routes, sites as well as regional or global 
impacts (Kleinschmidt & Wagner, 1997). 
To date, relatively few countries have formal provision for SEAs (Sadler, 1999). 
Countries such as N e w Zealand and Sweden, have enshrined SEA in a wide-ranging of 
cross-sectoral Acts, whilst Netherlands and the United States (OECD, 1994b) have enacted SEA 
legislation and guidelines. Others have non-statutory requirements of SEA (such as Canada, 
Denmark, the U K ) (Partidario, 1996). 
In Hong Kong, EIA has been applied to projects since 1986，to plans since 1988, and to 
strategies and policies since 1992 (Au, 1998). Examples of SEA include the Territorial 
Development Strategy Review (TDSR) completed in 1996 and the Third Comprehensive 
Transport Study (CTS-3) of the whole territory in 1999. 
However, there are as yet no standard procedures and methodology for SEA in transport 
sector. The authors of this paper have attempted to construct a framework of strategic noise and 
ecological assessment of road networks based on GIS (Geographical Information System), with 
the aim of developing a decision-aid too】 for preliminary evaluation of potential environmental 
impacts (noise and ecology) of route alignments. It is hoped that this tool will facilitate the 
incorporation of environmental concerns into transportation and land use planning. 
2. Assessment Methodology 
SEA often deals with complex and multi-disciplinary issues which, in the case of the 
transport sector, may include geotechnical conditions, land, energy, ecology, air, water, noise, 
1 
landscape and cultural heritage. It is impossible to include all types of these in SEA assessment. 
The present study focuses on noise and ecology, the two key transport-related environmental 
impacts in Hong Kong. Land acquisition has also been assessed because land is expensive in 
Hong Kong and the cost of land resumption is also a major consideration in project planning. 
Because SEA covers more issues and much wider areas than does EIA, the assessment 
methods of the two are not always identical and EIA prediction methods have often to be adapted 
for SEA assessment. In the present study and in the context of Hong Kong, it is important to look 
for appropriate tools for assessing noise, ecological and land-take impacts at the strategic level. 
In the transport sector, strategic noise assessment is usually based on noise emission only, 
which just tells where the “noisy，，roads are. Brown and Patterson (1992) raised a significant 
observation that it does not matter how "noisy” roads are, what really matters is the noise level at 
the location of sensitive receivers such as dwellings, hospitals，schools and other sensitive land 
uses。There is thus a distinction between “noise emission" at the roadway and "noise immission". 
at the facade of the dwelling units. The latter is determined not only by the noise generated from 
the roadways but also by attenuation factors due to distance, height, barrier, ground effect，angle 
of view, reflection, facade and opposite facade effect. Brown and Patterson (1992) demonstrated 
that there are significant differences in emission and immision levels and argued that even for 
strategic studies, noise assessment should be based on the latter rather than the former. While the 
prediction of immission levels is relatively simple in Western cities (e.g. Brown and Patterson, 
1992)，its estimation in compact high-rise cities such as Hong Kong is complicated by variations 
in the urban noise field caused by vertical attenuation, complex building geometry and the large 
number of dwelling units. A simple approach has thus to be developed to deal with the complex 
situation in Hong Kong so that the assessment method is not overly complex and laborious. 
On the other hand, transportation development can also inflict direct ecological effects, 
such as habitat loss, disturbance and habitat fragmentation etc. Different routes and networks will 
bring about different impacts and if the planner can alert the intrusion of significant ecological 
habitat and reroute the alignment early in the planning process, such ecological impacts can then 
be avoided. But to date, the implementation of strategic ecological assessment is hampered by 
the lack of consistent methodologies, regional or national ecological data sets on the distribution 
of valuable habitats and species. 
Because noise immission and habitat disturbance and loss are spatial phenomena, GIS 
can provide a powerful platform for its analysis in environmental assessment. GIS is a system of 
computer hardware, software, and procedures designed to support the capture, management, 
manipulation, analysis, and display of spatially-referenced data for solving complex planning 
and management problems. GIS has been applied to environmental assessment in many ways. 
For instance, Moragues and Alcaide (1996) have shown how GIS can be used as an instrument to 
assess air pollution effects caused by road traffic in Madrid. Zura and Lipar (1995) have 
demonstrated the application of GIS in road EIAs, particularly with reference to the optimal 
room layout in Slovenia. As regards ecological impacts, GIS has been used by Treweek and 
Veitch (1996, 1998)，Bentley and Boggs (1996)，Sankoh et.al. (1992)，for regional strategic 
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ecological assessment. 
Capitalizing on the potential of GIS, this study attempted to adapt some commonly used 
EIA assessment procedures for use in SEA of road networks. For strategic noise assessment, the 
methods developed involves two steps: namely noise emission prediction and a broad-brush 
emission to immission transformation based on the urban layout. 
Estimation of noise emission from roadways is relatively simple procedure based on well 
proven assessment methodology. To undertake the task, the following information is required: (1) 
route alignments and the corresponding traffic flow data of the proposed roadway; and (2) 
landuse adjacent to the roadway in question. Route alignment is usually provided by the project 
proponent whereas the traffic flow data by relevant government departments, or traffic forecast 
models. Landuse information in Hong Kong can be found in statutory Outline Zoning Plans 
(OZPs) prepared by the Planning Department. To calculate the Lio(ihr) dB(A), a reference point 
10 m from the kerbside and 1.2 m above ground is defined and a simplified form of the CRTN88 
(U.K. Department of Transport，1988) model is used. 
Once the roadside noise emission levels are calculated, they can then be compared with 
the noise criteria for different land use types in Hong Kong (Planning Department, Hong Kong 
Government, 1998) as an initial indication of the possible degree of noise intrusion. The 
indicator used is the length of interface with different sensitive land use zones. While, this is an 
•賊贩链嫉鹏涵！^圣 肪 drhospitete，'whose，.designs^ >fairly 
mRmd^©Rfe^£_because.of::yariatioi?i、i?y^b《9俩 94residentiai developments in Horig Korig. 
A n additional step is h©nce： need；^^. 
The rationale behind this additional step is that even if the noise emission from a roadway 
is the same, noise immission into the dwellings in different residential areas may differ with 
different urban forms, the permissible height of the buildings and space between building blocks. 
In other words, noise exposure at a particular dwelling is determined not only by the source 
strength (i.e. emission) but also various noise attenuation factors along the propagation pathway. 
The noise.,,attenuation： pattern (i.e. emission minus immission) of a particular residential 
development is thus defined by the complex array of propagation, variables. 
The present research team hypothesized that in Hong Kong the noise attenuation pattern 
of a residential development is related to the development ratios (known as plot ratios) permitted 
by the planning authority. The plot ratio is an indicator of population density and in Hong Kong, 
there are four types, known respectively as R(A), R(B), R(C) and R(D) in the OZPs. The plot 
ratios of R(A), R(B) and R(C) are 7.5/8, 5.0 and 0.8 respectively. Land zoned for R(A) is for 
high-density housing development, whereas R(B) for medium-density and R(C) for low-density 
houses no more than 12 m (4 storeys) high. In comparison with others, R(A) developments allow 
many more non-residential uses such as markets, schools, car parks and shopping arcades which 
can screen off.some>、ij,Qise—pmail^^gJ^9^j;^^^)^s. In lands zoned for R(B), commercial land 一 
uses are usually not allowed. 
In a compact high-rise city such as Hong Kong, the noise attenuation of different 
dwelling units in the same housing estate can vary significantly with orientation, elevation, 
distance from the roadway, angle of view and the presence of screening structures (Brown & 
Lam, 1987). Hence, the prediction of noise levels for individual dwelling units is a laborious task 
which makes it inappropriate for SEAs. In order to develop a broad-brush assessment of the 
noise immission levels without the need for extensive site assessment, an extensive study was 
undertaken to ascertain if indeed there is a typical noise attenuation pattern for each plot ratio. 
This study was undertaken for 36 housing estates of different plot ratios (Table 1). 
Table 1 The Number of Estates and Dwelling Units For Assessing the Noise Exposure Pattern 
for each Residential Type 
Residential Type Number of Estates Assessed Number of Dwellings Assessed 
R ( A ) 15 44380 
R ( B ) 18 17725 
「 R ( C ) 3 1003 
Using an assumed traffic flow rate, the roadside noise emmission was first calculated. For 
each housing estate, the land use type, building layouts and location of road links were obtained 
from OZPs and other maps. The information on building heights, numbers of floors and 
dwellings were obtained from site surveys. Noise emission levels are estimated using a 
computerized yersion of ,CRTN88 developed by the research team (LamrLi and Ma广1999), 
The results for residential areas R(A), R(B) and R(C) are portrayed and 3. 
According to the KolmogdrdV-Smimdv two-sample tests, these three distribution patterns are 
significant at the 0.05 level, hence supporting the earlier hypothesis (Lam, Ma, Chan & Yu, in 
preparation) that there is a "typical" noise attenuation pattern for each residential type. 
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Having determined the typical noise attenuation patterns for each residential development, 
it is possible to estimate the noise immission levels of a housing estate by integrating the noise 
emission level of the roadway with the "typical" noise attenuation pattern. Using this 
broad-brush noise immission assessment technique, one can then determine the percentage of 
dwelling units not complying with the H K P S G criterions of Lio (ihr) 70 dB(A) as well as the 
percentages of dwelling units exposed to Lio(ihr) 75 dB(A)) and Lio(ihr) 80 dB(A). 
As earlier said, ecological impact is another significant environmental impact of 
roadways. The potential ecological impacts can be expressed in terms of the length of interface 
with different habitat and the resultant habitat loss. This can be achieved by the overlaying 
capability of the GIS system. The maps used in this study include the statutory OZPs prepared by 
the Planning Department and the Digital Vegetation Map of Hong Kong prepared by World Wide 
Fund for Nature - Hong Kong (1992). The latter has 16 categories of land use and was compiled 
% 
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from the 1989 aerial photos. In the OZPs, four types of ecological conservation areas are 
identified: conservation area (CA), country park (CP), coastal protection area (CPA), and site of 
special scientific interest (SSSI). Once these data are inputted into the GIS-based system, the 
ecological impacts can be estimated using the "spatial analysis’’ function and the B U F F E R 
command. 
3. System Design 
The primary function of any system developed for SEA is to allow the users (engineers, 
planners and the environmental assessment practitioners) to undertake preliminary assessment of 
plans and proposals, and to analyze and visualize the environmental outcome of various 
alternatives at the early stage of the planning process. This will avoid proponents being 
galvanizedJto a particular option and pan hence help pre-empt problems. Because it will be used 
by non-environmental experts, the system has to be relatively simple and user-friendly. The 
system in this study was built with these considerations in mind and is comprised of six 
components: database, road alignment, noise and ecological assessment, summary of assessment 
results and comparison of options (Fig. 4)。 
The system allows three key environmental impacts to be analyzed; namely noise impact 
(emission and immission), ecological impact and land acquisition. Integrated with the CTRN88 
model, the system can estimate the noise level, display the results and compare different options. 
Using the spatial analysis function of GIS, the system is also able to identify the sensitive areas 
of the route alignment, delineate areas that are adversely affected and to calculate the extent of 
the impacts. Flow charts for strategic noise assessment and strategic ecological assessment are 
shown in Fig. 5 and 6 respectively. 
The prototype system developed has the following features: 
(1) user-frinedliness - easy to learn and use, with buttons for initiating operations and 
tables for data input; 
(2) Flexibility - to allow future modification and extension; 
(3) Tiering - to allow both preliminary assessment and in-depth analysis; 
(4) Focus on key issues - with results alerting the users; 
(5) Comparision of alternatives - of quantitative results; and 
(6) Visaulization of findings of different alternatives and for incorporation into reports 
The system was built on PC ArcView (Version 3.1)，a commercially available GIS 
vector-based system with strong geo-processing capability. The analytical framework and 
evaluation protocols have been written into the GIS system using the ArcView Avenue language. 
A customized ArcView user interface was specifically developed to provide a tailor-made and 
user-friendly analytical framework. 
Past experience (Sadek, Bedran & Kaysi，1999) indicated that a successful strategic 
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assessment system has to consider of a large volume of baseline data and information. In the 
system w e have developed, three main types of data are used, they are the land cover base maps, 
route alignment plans and the traffic data based on field survey or forecast. Topographic and land 
ownership maps have also to be used for route designation. 
As mentioned above, three major environmental consequences of road networks are 
analyzed, they are noise impacts (including emission and immission), ecological impact and land 
acquisition. Noise impacts in terms of emission are expressed in terms of the length of affected 
interface and non-compliance interface, whereas immission assessment is done for residential 
developments in terms of number of dwelling units affected and percentage of non-compliance. 
The above can be expressed in form of charts, tables or maps. As regards ecological assessment, 
the impacts are expressed in terms of the length of interface with ecological sensitive areas and 
potential habitat loss. 
4. A pilot Study 
In order to illustrate the functionality of the prototype system developed, a pilot study was 
instigated to analyze a proposed road network and its alternative options in the north-west part of 
the N e w Territories of Hong Kong (NWNT). Known as the "Crosslinks"，this project aims at 
relieving the cross-border traffic by a network of roads and bridges. Different route alignments 
have been proposed and we have applied the prototype system developed to assess the potential 
noise and ecological impacts and the required land-take. 
N W N T is an area with high development potential with most of the land use types 
commonly found in Hong Kong. The area is also rich in natural resources with high conservation 
value, some even designated as "no-go areas" in planning. These present a diverse array of 
complex issues that need to be addressed in any strategic environmental assessment exercise. 
The area directly affected by the proposed road network have already a wide range of 
developments, comprised of new towns built at different times, high-rise residential blocks of 
different densities (R(A) and R(B)); low-dense housing estates (R(C)) situated next to an 
international Ramsar site; as well as some N e w Territories Exempted Houses (R(D)) and village 
type developments (V). 
Much of the land in N W N T is still undeveloped. There are fish ponds, wetlands, mangroves 
and mature woodlands which are habitats of varying degree of ecological significance in Hong 
Kong. In addition, there is a country park as well as five other coastal protection areas. To relieve 
traffic congestion, two bridge crossings have been proposed, one linking western Shenzhen and 
Deep Bay (Deep Bay crossing) and the Lingdingyang Bridge linking western N T with Zhuhai 
(Fig. 7). When these bridges are built, a new road network, known as the "Crosslinks" will to be 
constructed in N W N T to link up with the bridge. The Crosslinks network is comprised of many 
links, the alignments of some are still not yet fixed. For those links whose alignments are not yet 
fixed, there are the following options (Fig. 8): 
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Using the traffic flow: forecast data as inputs it was found that noise "emission" from most 
of the routes exceeds the critical noise limits in varying degrees for different land uses (Table 2). 
Becmist，thr'ijr^)posedilignment，has，alreadyi such as R(A), 
schools (G/IC(SCH)) and hospitals (G/IC(HOSP)), the noise impact on these uses can betleemed 
compliant. However for Residential area R(B), some 36% of the interface is not compliant. 
Moreover, the noise emission exceeds the relevant criteria for low-density residential areas such 
as R(C), R(D) and village development (V). Likewise, the project is located close to some 
recreational open spaces (O(REC) and (REC)) inflicting excessive noise on them. Such findings 
indicate that mitigation measures such as noise barriers may be needed. Results on the length of 
interface and the location of non-compliant land use types may give some indication on how 
long and where the noise barriers are needed. 
Table 2 Noise Emissions Impact due to Crosslinks 
Affected Land U s e — Affected~ Non-compiian Percentage o f " 
Interface ce Interface non-compliance 
- (m) (m) interface (%) 
Coastal Protection Area (CPA) 902.6 902.6 100.0 
Residential ( C ) 704.5 704.5 100.0 
Open space (recreational) O (REC) 96.2 — 96,2 100.0 ~ 
Industrial (I) 140.1 140.1 100.0 
Agriculture (AGR) 4398.0 4398.0 100.0 
Other specified uses (OU) 1437.0 — 1437.0 ~ m . O 
Residential ( B ) 1121.3 
Residential ( D ) 1372.4 ~ ~ 1372.4 100.0 
Conservation Area (CA) 60.2 60.2 "TOO.O 
Govemment/Institution/Community (G/IC) 941.0 676.4 ~~7L9 
Undetermined (U) 13675.1 ~ ~ 13675.1 100.0 
Village type development (V) 887.4 887.4 "T^.Q 
Green Belt (GB) 13880.0 — 13837.9 99.7 
Recreational (REC) 1094.3 1094.3 100.0 
The next step was estimation of noise immission into residential developments. Since the 
Crosslinks does not impinge directly on any R(A) residential developments, noise immission 
assessment is only needed for R(B) and R(C) lands. Of the 1121 m of interface with R(B) land, 
only 1.3% of the dwelling units will be exposed to noise levels exceeding the applicable noise 
criterion for residential areas. The corresponding figure for R(C) is 47.6%. The results also show 
that 20.1% and 12.2% respectively of the dwellings will be exposed to peak hour noise levels in 
excess of 75 dB(A) and 80 dB(A) respectively (Table 3). Thesesindicate；： that ll(C)^;low-rise. 
钱。戦』海树 righf liiixt 'fo 飞he—rbadWays and because of the. small plot sizes, such 
hotiserdS'not benefit frSTf^TSbiSe、Attenuation due to distance and screening structures. 
Table 3 Noise Immisson Assessement due to the Crosslinks 
Land use Affected % Non-compliance % Exceeding % Exceeding 
Interface (m) >=70dB(A) ..hr >=75dB(A) i.n. >=80dB(A)丨 hr 
R ( B ) 1121.3 L3 0.0 — Q.O 
R ( C ) 704.5 47.6 20.1 12.2 
The proposed Crosslinks project does generate severe ecological impacts. Although it does 
not impinge on any SSSI or country park, the alignment directly intrudes into some valuable 
ecological habitats such as wetlands (W), fish ponds (OW), woodlands (W), conservation areas 
(CA) and coastal protection area (CPA) resulting in some habitat losses (Table 4). In addition, it 
poses potential threats to the Mangrove (M) areas located within 100 m of the roads. 
Table 4 Impacts on Ecological Valuable Habitats due to the Crosslinks 
Base M a p Habitat The Crosslinks — 
Affected Interface (m) Potential Habitat Loss 
— Jm!)  
W W F Wetland ( W A ) 1153.8 209843.5 
Vegetation M a p Mangrove (M) 0.0 — 5084.9 "“ 
Fish Ponds ( O W ) 121.1 "^8768.7 
Woodland (W) 655.4 154194.0 
O Z P Conservation Area (CA) 60.2 13697.0 “ 
Country Park (CP) 0.0 0.0 
Coastal Prot’n Area (CPA) 589.1 166255.0 
SSSI 0.0 0.0 
The prototype system developed can display, through the query function, the spatial 
distribution of the affected habitats (Fig. 10 & 11). It can be seen that considerable sizes of 
wetland, woodlands and coastal protection areas are affected by the proposed development. 
The Crosslinks project also requires acquisition of land currently used for cultivation (C and 
AGR), fish ponds (OW), existing residential developments and village houses (U，U2, R(B), R(C) 
and R(D)). The system can estimate the area of land-take on different land use types, and also the 
land acquisition costs. 
5. Evaluation of alternatives 
One of the most important functions of S E A is the evaluation and comparison of 
alternative development scenarios. Whilst the system developed can be applied to the whole 
network, its potential use is illustrated in this paper by referring to one of the segments (Deep 
Bay Coastal Road) of the Crosslinks project which have two options (Fig. 8). In terms of length, 
the two options are about the same, the former being 3792.4 m long whilst the latter 3911.8 m . 
The original option passes through a lowland coastal strip of Deep Bay, a small part of the 
Castle Peak Firing Range and a viaduct crossing the sea at Nim Wan. It impinges on a 500 m 
stretch of the coastal protecting area resulting in a potential loss of 80077.4 m^ of wetlands, 
28467.2 m^ of fish ponds, 23616.9 m^ of woodlands and 5116.6 m^ of mangroves (Table 5). The 
"upland" option tries to avoid the ecologically sensitive coastal areas by reducing the affected 
interface by more than half. 
¥ 
Table 5 Comparison of the Ecological Impacts of T w o Options of the Deep Bay Coastal 
Road 
Base Habitat Lowland Option Upland Option 
M a p AffectedPotential Affected | Potential 
Interface Habitat Interface Habitat 
(m} Loss (m^) (m) Loss (m^) 
W W F Wetaind ( W A ) 456.0 80077.4 0.0 Q.Q  
Vegetation Mangrove (M) 0.0 5116.6 0.0 0.0 ~ ~ 
M a p Fish Pond ( O W ) 115.0 “ 28467.2 — 32.6 7736.6 
Woodland (W) 153.0 “ 23616.9 — Q.Q 1028.2 
O Z P Conserv'n Area (CA) Q.Q 0,0 0.0 
Country Park (CP) 0.0 一 0.0 — 0.0 Q.Q 
Coastal Prot'n Area (CPA) 497.0 135329.0 221.1 "4Q539.8  
SSSI I 0.0 0.0 0.0 Q.Q 
As regards land acquisition, the "lowland" route, being closer to the coastal areas，requires 
the acquisition of large stretches of fish ponds (OW), cultivated lands (C and A G R ) and village 
houses (U2). Because most of the fish ponds and cultivated lands are privately owned, the 
"lowland" alignment may impose significant land resumption, cost and -legaLimplications. On 
the other hand, the alternative "upland" option greatly reduces the land-take but yet it cuts 
through the Castle Peak Firing Range which cails^ f^or negotiation .with military^ authority and 
poses hazards arismg fro^i^jLinexplloded ami^unitioni(Table 6). 
Table 6 Estimated Land Acquisition of the T w o Deep Bay Coastal Road Options 
Base Land Cover Lowland Option Upland Option 
M a p Affected Potential Affected Potential""“ 
Interface Land-take Interface Land-take 
(m) (m2) (m) (m^) 
W W F Fish Ponds ( W A ) 456.0 80077.4 0.0 
Vegetati 36.6 - 32.0 ~ ~ 
on Map Bare soil (B) Q.Q 一 0.0 1139.8 220963.0一 
Tall scrub w grass (T/G) 324.8 一 63262.0 282.6 90900.4 
Low scrub (L) 0.0 0.0 — 2056.6 377387.0 
Cultivation ( C ) 566.1 _ 96439.3 “ Q.Q Q.Q 
Mangrove (M) 0.0 5116.6 — 0.0 ~ 0.0 
High density urban (U2) 510.6 12486.7 — 31.7 — 6030.1 
Other Wetland ( O W ) 115.0 ~28467.2 “ 32.6 7736.6 
Abandoned Cultivation (AC) 一 1 7 6 . 4 30693.3 30.6 ~ 18833.4 
Plantation Woodland (PL) "^7.0 T8501.4 189.1 47016.9 — 
Low density urban (U) 114.6 52642.2 一 117.0 21091.5 
Woodland (W) 153.0 ~23616.9 " 0.0 1028.2 
O Z P Coastal Protect’!！ Area (CPA) 497.0 135329.0 221.1 "^539.8 
Agriculture (AGR) 2064.9 "376366.0 “ 341.3 85011.9 
Firing Range 0.0 1 ^ 9 3 . 7 2275.5 “ 452615.0 — 
Green Belt (GB) 1214.0 242477.0 1064.9 219326.0 
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Since both “lowland，’ and "upland" options lie on undeveloped areas. N o existing noise 
sensitive receivers will be affected, so noise impact is not considered as a matter of concern. 
Therefore, both options have no difference in noise impact but the "upland" options exhibits 
significant ecological benefits than the lowland option. 
6. Conclusions 
The development of road infrastructures can bring about significant noise and ecological 
impacts. While the conventional EIA techniques can help identify the impacts on a project basis, 
there is a need to develop strategic noise and ecological assessment tools to predict the impacts 
for the whole road network and for the comparison of alternatives. 
A GIS-based strategic assessment system has been developed for the preliminary 
assessment of alternative routes in road network development. The prototype system that has 
been developed can estimate the noise impact on adjacent sensitive land uses as well as the noise 
immission levels at the dwelling units adjacent to the proposed road networks. Assessment of the 
noise impact on residential areas is based on "immission" to dwellings rather than ‘‘emission，， 
from roads because there are significant differences between the two in a compact high-rise city 
such as Hong Kong. 
The potential ecological impacts on the ecologically sensitive areas can be estimated by 
overlaying in the GIS platform, the proposed road network on W W F vegetation maps and 
statutory OZPs and calculating the zone of impact on both sides of the proposed road. Similarly, 
the land-take required for the development of the road network can also be estimated. 
To try out the functions of the prototype system development, a pilot study was undertaken 
on the Crosslinks, a proposed cross-border road network in the N W part of Hong Kong. The 
noise，ecological impact and land acquisition implications of the Crosslinks and its associated 
alternatives were assessed and compared. Results of the pilot study show that: (1) The GIS-based 
assessment system developed is an effective, simple, and easy-to-use SEA tool suitable for the 
assessment of cumulative effects and for the comparison of alternatives; (2) The tool can be used 
for assessing the land-take, ecological impacts and noise immission levels in a high-rise city with 
complex building configurations; and (3) The tools is of an appropriate scale for broad-brush 
assessment at the strategic level. More detailed assessment should be left for project EIAs. 
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Figure 8 The lowland and upland options of the Deep Bay Coastal Road 
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Figure 10 Spatial distribution of affected conservation areas (based on OZP) 
due to the Crosslinks 
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Figure 11 Spatial distribution of affected ecological valuable habitats (based 
on WWF vegetation map) due to the Crosslinks 
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战略环境评价(SEA)及其研究进展 
马薪纯 I’ 2，林健枝 2，陈立民 1，余樹滨 2 ( 1 .复旦大学环境科学与工程系，上海 2 0 0 4 3 3 ; 2.香港中文 
大学地理学系及环境研究中心） 
摘要：战略环境评价(SEA)是目前环境评价领域中令人关注的前沿课题.本文对SEA的提出和发展进行了回顾，对国外开展 
SEA的实践进行了归纳分析，探讨了 SEA的作用、区域特征、评价因索、基本程序、技术方法和机制，论述了 SEA与项目EIA 
的关系，并介绍了香港和内地SEA的初步实践. 
关键词：战略环境评价；香港；内地 
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Strategic Environmental Assessment (SEA) and Its Development 
M a Weichun� . 2，Lam K i n c h e ^ , C h e n L i m i n ' , Y u Shub in^ (1. Dept. of Environmental Science and Engi-
neering, Fudan University,Shanghai 200433 ； 2. The Centre for Environmental Study and the Dept. of Geogra-
phy, The Chinese University of Hong Kong,Hong Kong) 
Abstract： Strategic Environmental Assessment (SEA) is a frontier subject in the field of EIA. This paper re-
viewed the deveopment of SEA,expounded its functions and terrkoria� characteristics and discussed the targets 
of assessments，its basic procedures，techniques and methodologies of SEA. The links between SEA and project-
level EIA，and the preliminary practice and pilot study of SEA in Hong Kong and China Mainland were also dis-
cussed. 
Keywords：strategic environnientiil assessment (SEA) ；Hong Kong；China Mainland 
环 境 影 响 评 价 （ H I A ； 娃 — 项 识 别 、 分 （2)对于项目的环境影响评价往往是在高层次的 
析、评估人类活动可能对环境造成影响的技术方法.然战略决策之后，因此，在项目环境影响评价阶段，许多 
而，单一的项目E I A并不能很好地解决区域环境污染决策已经在更早的规划阶段确定.环评对项目所提供 
问题，不能有效地控制各类区域污染源及污染物的排的可选方案和治理污染措施的选择是较为有限的. 





决策时，很少甚至没有考虑环境的影响和效应. （ 4)单一项目的环境影响评价难于考虑大尺度的 
在这样的背景下，战略环境评价（Strategic Envi- 环境影响和全球性的影响（global impacts)，例如温室 
ronmental Assessment，SEA)应运而生. 气体排放、生物多样性等. 
1 SEA的提出及发展 （5)单一项目的环境影响评价很少将环境、社会和 
M 建设项目环境影响评价的不足 经济作为一个系统综合地加以考虑• 
在世界范围内，通过近30年的研究与实践，人们 在这样的背景下’“战略环境评价”的概念被引入 
认识到单一项目的环境影响评价存在着一些难以克服到环境评价的研究与实践中• 
的缺陷，难以满足人们在 2 1世纪经济与环境协调发展 S E A 
的要求 .归纳起来，单一项目的环境评价有以下不 许多学者对“战略环境评价”的概念进行了研讨. 
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I H 种针对政策、规划和计划方案的环境影响评价，它先于也幵展相应的研究 . S A C T R A (Standing Advisory 
工程项目的环境影响评价⑴ . S E A是对政府部门的战 Committee on Trunk Road Appra丨sal)在1992年提出， 
^ n 略 性 决 策 行 为 及 其 可 供 选 择 方 案 的 环 境 影 响 和 效 应 进 传 统 的 环 境 影 响 评 价 程 序 应 该 进 一 步 发 展 ， 以 考 虑 某 
^ ！ 行系统和综合性评价过程，它为政府政策、规划、计划些累积效应或长期效应.根据S A C T R A的建议，英国 
^ ^ 的制定和实施提供环境影响评价上的技术支持环境部与交通部正在共同考虑交通运输规划的总体环 
^ ！ 这里，所谓“政策”是指政府管理机构（部门）制定境效应和累积环境影响.瑞典对其全国道路交通管理 
^ ^ 的指导性纲要；所谓“规划”是指在某一领域或地区，为方案进行了宏观层次的环境影响评价，该管理方案包 
^ ^ 政策的实施而提出的一系列相互联系并具有适时性的括 1个全国性和 7个区域性的方案，并在 1 9 9 3年提交 
目标；而“计划”则处于相对较低的层次，它是指在某一 了有关报告.报告比较了 4种不同的方案和管理政策， 
领域或地区，一系列工程项目的集合.可见，S E A本身对每一种方案和政策都进行了环境质量及相关环境问 
_ 也具有一定的层次结构. 题的分析〔4 ].加拿大、新西兰已经在法律上确认了政策 
• Buckley(1994)列出了 7种主要的S E A类型⑴：①性战略行为的S E A .其他一些欧盟成员国，例如德国也 
_ 对政府现行的政策或政策的变化的环境评价 .②对与正在积极研究某些战略行为的宏观环境影响评价 . 
^ 特定环境问题有关的要素的评价，例如，生物多样性保 此外，包括世界银行在内的许多国际组织对SEA 
_ 护、减少温室气体的排放等，这一类S E A的最大优点的研究与实践给予了高度重视，并启动相应的研究计 
_ 在于它将不同部门具有共性的环境问题综合地、统一划，开始了相应的探索性实践.尤其值得注意的是1 9 9 7 
_ 地进行考虑.③区域性或全国性的环境评价与规划.④年4月欧盟（EC)发布了“战略环境评价导则（草案）” 
_ 对社会、经济要素的变化所带来的环境问题的评价.� （Draft Directive on SEA )，并要求其成员国最迟在 
, 对科学技术进步的环境评价.⑥对国民经济的某个产 1999年底以前执行〔7〕. 
• 业部门及其发展方向的环境评价.⑦相类似的发展项 可以说，人们已经认识到，要克服传统EIA的不 
^ ^ 目环境影响评价框架体系的研究. 足，就必须在宏观决策层次上，对政策、规划、计划及其 
^ ^ 1 - 3 发 展 可供选择的多种方案的环境效应进行研究，因此，在进 
S E A的发展最早可以追溯到 1 9 6 9年美国的国家行传统E I A的同时，引进 S E A的概念已成为世界各主 
^ ^ 环境政策法 ( N E P A ) � N E P A要求对可能显著影响环要国家的共识 . 
^ ^ 境质量的政府行为作出详细的报告，美国的环境质量 2 SEA的作用、意义及其区域性特征 
^ ^ 委员会（Council on Environmental Quality，CEQ)在 2. 1 SEA 的作用和意义 
^ ^ 19 7 8年指出，所谓的政府行为即包括了政府政策、规 SEA的作用和意义为：①弥补单一项目环境评价 
^ ^ 划、计划.此后，联邦政府许多部门（例如能源部）开始的不足;SEA在决策过程的各个层次前瞻性地考虑政 
^ ^ 考虑将环境评价结合到部门的发展规划中，尤其是房策、规划、方案的环境影响，它超越了单一发展项目，可 
^ ^ 屋与城市开发部 (US Dept. of Housing and Urban De- 以对区域环境影响作更为系统的考虑.由于SEA在时 
！ ^ vebpment，USHUD)在1981年编制了“区域环境影响间和空间尺度上更适合于对累积环境影响的考虑，因 
评价指南”，旨在帮助评价在大城市范围内的开发或再此，SEA可以对区域开发中多个发展项目的累积影响 
• • 开 发 及 其 可 选 方 案 的 环 境 影 响 加 利 福 尼 亚 州 在 作 出 分 析 ， 并 为 管 理 提 供 依 据 . ② 推 进 可 持 续 发 
1986年通过了“加利福尼亚环境质量法"（CEQA)，要展… 2“ ].可持续发展要求在更为广泛的意义上将人类 
求将环境影响评价的范围从项目拓展到政府的政策、活动及其环境影响综合起来考虑，并且，这种考虑应该 
规划和计划⑴ .并在S a n J o a q u m等地开展了实例研具有前瞻性 .然而怎样有效地推进可持续发展战略却 
| | « 究 是 在 实 践 中 远 未 解 决 的 课 题 . 由 于 S E A 是 在 决 策 层 
^ C T 荷兰在1 9 87年建立了法定的SEA制度，要求对次，将环境、社会和经济综合在一起考虑，可以识别、分 
^ ^ 废弃物管理、饮水供应、能源与电力供应、土地利用规析累积环境影响，可以提出区域发展项目的优化方案 
^ ^ 划等都进行环境影响评价.1989年，荷兰修改了“国家和污染治理措施，因此，它就可以在推进区域可持续发 
^ ^ 环境政策规划”，规定了荷兰到本世纪末的环境战略，展方面起重要作用，成为一个有效的工具. 
^ ^ 这个“规划”的宗旨就是要求对所有可能引起环境变化 2 .2 SEA的区域性特征 
的政策、规划和计划作SEA[2]. 环境问题具有空间区域分布的特征，战略环境评 
英国对于SEA虽然在法律上没有明确的要求，但价的对象：政策、规划和计划，必然落实于某一特定的 I 
• H I H H H H I H ^ ^ ^ f f i l i l i 應:.:： 
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空间区域范围，它们实施所带来的环境影响也作用于行的环境监测方案，进行综合考虑 . 
一定的地域范围，S E A具有明显的区域性特征 .实际 3 . 2 S E A的基本程序 
上，不同层次的S E A即体现了不同的区域特征 .对于 到目前为止，S E A还没有形成一个成熟的评价程 
政策的环境影响评价，其空间范围应该是行政管辖范序和框架体系 .许多学者对此进行了研究和实践 . 
围，即政策所影响的区域；对于规划、计划的SEA，则应 Th6r ive l在文献 [6 ]论述SEA的方法时，实际上也论述 
该确定其评价范围 .规划、计划 S E A 的范围主要受一了 S E A 的 基 本 程 序 . 美 国 房 屋 及 城 市 发 展 部 
些因素的影响：区域的自然地理特征，例如流域、山脉 （U S H U D )对于区域发展规划的S E A提出了建议性程 
走向等；重大的人工构筑物，例如重要的铁路、高速公序；英国环境部（Department of Environment，DoE)在 
路等；现行的行政区划 .由于一般S E A的空间范围较题为“政策评估与环境”的指导手册中则提出了对于政 
广，在评价区域内往往可以再划分出若干个子区域. 策的环境评价的程序步骤.T h & i v e l和W i l s o n等在文 
此外，要指出的是， S E A的区域特征还影响评价要献 [ 2 ]中综合上述 2个程序，提出了适用于各种层次 
素和评价因子的选择与确定.例如，大尺度空间范围的 S E A的较为一般的程序和步骤 
S E A需要考虑全球性的环境影响，而较小范围内的 从总体上说，S E A的评价过程依据其评价对象的 
S E A则往往更多地考虑局地的环境质量变化. 层次而有所不同.另外，政策、规划的制定程序在不同 
3 SEA的评价因素、基本程序和技术方法 国家有所不同，这也自然影响到S E A的程序 .从S E A 
3 . 1 S E A的评价因素 的概念及评价实践中可以归纳出其基本的评价过程 
在SEA中，评价因素用于衡量和表征环境现状并为 [ 2， 6’ 8 ]:①确定某一战略决策层次（政策、规划、计划） 
预测环境的变化趋势 .它也是比较选择不同的政策、规进行 S E A的必要性 .②确定区域发展目标与环境目 
划、计划以及监督它们的实施和目标的主要技术指标.标.③确定评价范围，识别区域环境条件，识别评价的 
T h e r i v e l认为，确定评价因素可能是决定S E A有效性环境要素和可供选择的方案 .�S E A评价，即预测各种 
和实用性的关键步骤〔 6 ].广义地说，SEA所包含的评价可选方案的环境影响（效应），识别显著的环境影响，并 




达出来.可见，对于不同领域，不同区域的S E A，所选择实施后的环境影响，同时评估S E A的有效性.建立这 
与包含的评价因素各不相同 .欧盟成员国法国和瑞典样的监测机制还将有助于确保 S E A 中提出的污染控 
提出在选择评价因素时应主要考虑以下几个方面：①制措施的实施 . 
具有长期特征的宏观环境问题；②次生的和累积的环 以上可以说是SEA的一般程序，许多学者从各自 
境影响：③该领域的项目规划与其他发展计划的关联的研究领域出发，也提出了相应的S E A的基本框架和 
性；④评价区域范围内的总体发展趋势. 程序.Bond和Brooks以交通规划为例，提出了一种用 
—般而言， S E A 应考虑如下环境因素：①土 于确定最佳可实现环境效益的S E A的框架体系⑷.并 
地分类与土地利用，尤其是环境敏感区（例如，自然保且指出，这是系统咨询分析和决策分析的成果，它在给 
护区）；②空气质量，包括Pb、S02、N0i、C02、C〇、定的一系列目标中以可接受的代价，提供一种对环境 




子.T h h i v e l将S E A中的评价因子分为3类：①表征环 3 . 3 S E A的方法与技术 
境质量状态的指标，例如SOt�NO-的浓度水平；②表 到目前为止， S E A 的技术方法仍然很不完善， 
征人类活动对环境造成影响和压力的指标，例如S a Part iddr io认为缺乏相应的技术方法是目前SEA发展 
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H H 较宏观的，因此，与传统的E I A相比，S E A具有更大的及相互关系有密切关系.因此,地理信息系统技术将是 
不确定性和复杂性;SEA要求评估大尺度范围（包括时 SEA的重要技术工具和支持.政府的政策、规划、计划 
间和空间尺度）的累积效应、协同效应以及诱发的环境以及环境背景、现状可以在GIS中可视化地表达，还可 
• • 影响 . S E A的技术方法应该充分考虑这些因素，同时也以进行查询检索;G I S的空间分析功能及其与模型（环 
• • 使研究发展 S E A的方法成为一项技术要求很高的工境预测模型或决策分析模型）技术的结合可以在不同 
作.每一项技术都不可能面面俱到，而只能适用于SEA 方案的环境影响预测中发挥重要作用.Haklay，Fekel-
的某一方面或某些方面.一个完整的S E A过程有赖于 s o n和D o y t s h e r提出了基于G I S的评价要素的选择和 
多种技术方法的集成和综合运用. 确定方法，并给出了实例研究虽然，这一方，主要 
从目前而言，SEA的技术和方法可以归纳为： 针对项目E I A，但对于S E A中评价因素的确定 i有重 
( 1 )将传统E I A (即单一项目的E I A )的预测模型要的参考价值•德国在 S o e s t区风力发电计划的 S E A 
技术进行拓展，应用到S E A的预测中 .预测和评价单中运用A R C / I N F O分析各种环境影响，识别出风力发 
—项目环境影响的模型相对已经较为成熟，例如环境电设施建设的适宜区，不适宜区及应受控制的区域.为 
影响清单、环境影响矩阵等，尤其是空气污染物、水环 GIS在SEA中的运用提供了很好的实例和经验 [ 6 � . 
境污染物和噪声的预测模型已经发展多年，形成了许 （4)评价累积环境影响的技术和方法.Hunsaker 







输入可能是毫无意义的，这时，对于现有模型的分析改 4 S E A与E I A的关系 
^ ^ 造就显得尤为重要. S E A与传统E I A是处于两个不同层面的环境评 
( 2 )将规划、决策的技术方法引进S E A �人们对规价，它们的研究内容，所要解决的问题均不相同 . 2者具 
划、决策技术和方法的研究已有相当长的时间，并形成有互补性和不可替代性. 
！ ^ 了一系列理论和方法 . S E A是高于项目层次而位于规 （ 1 )与传统的E I A相比， S E A的范围更广泛① 
• • 划层次或考虑带有整体性的环境评价，因此，采用现有 SEA所考虑和涉及的地理空间尺度比EIA大，评价涉 
！ ^ 的决策支持技术是很自然的，例如，系统工程的技术与及与政策行为有关的一系列要素，而不是单一的工程 
^ ^ 方法、政策评估方法（如成本-效益分析）、专家咨询方项目；②可供选择的方案的范围更广，SEA对不同方 
^ ^ 法（如Delphi方法）、优化选址与土地适应性分析等.在案、决策行为的环境影响进行比较、评估，这是SEA的 
^ C T 欧洲交通网络的S E A和丹麦废弃物管理1 0年规划的主要目的；③所评价的环境影响（效应）的范围不同， 
^ ^ SEA中都进行了不同方案的比较分析，并且列出了不 SEA除了评价区域环境影响，还考虑与可持续发展相 
l ^ a 同方案的环境影响矩阵.尼泊尔在Bara森林管理规划关联的环境问题（例如，自然资源、温室效应、生物多样 
的S E A中采用了分级记分的方法来评价不同管理方性等）、环境的全球和区域效应，而E I A则着重于评价 
案 对 所 识 别 出 的 1 9 项 环 境 因 素 的 影 响 实 际 上 ， 环 境 的 局 部 效 应 . 
W^m： SEA只有融入到政府的政策制定和规划、方案的研究 （2)由于从规划的制定到实施有相当长的时间，所 
中，才能真正发挥其效能和优势. 以对规划所建议的项目的细节知之甚少，并且有可能 
^ ^ (3 )以地理信息系统（GIS)为代表的空间分析技改变.因此.，SEA的预测具有很大的不确定性;而传统 
术.地理信息系统作为一种分析处理地理空间信息及 EIA则相对具有较强的确定性，并且对项目的评价一 
^ ^ 其相关属性数据的技术已经广为人们所熟悉.它的特次完成 [‘ ].可见SEA是一个动态的、连续的过程，它需 
点是空间数据库的管理、空间建模及空间分析.Jodo讨要不断地跟踪政策、规划和计划的变化发展，并结合当 
^ ^ 论了 G I S 在项目层次 E I A 中的运用因为 S E A 具时的实际，结合地给出评价意见 . 
有区域特性，所要分析和评价的是较大区域尺度范围 （3)SEA与传统EIA的信息要求不同 [。.对战略 
内人类活动的环境影响，必然与环境要素的空间分布决策行为进行环境影响评价所需的信息往往是宏观 
國 
醒 • i f f f l i t l — ^ ― — 
： . … … 
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的，而对于工程项目的环境评价所需的信息是微观的、较为全面地论述了香港的E I A体系，并对将项目E I A 
详细的. 拓展到S E A作了探讨. 
表 1 说明了 SEA与EIA各自所关心的问题 [<〕，图 6 S E A在香港特区及中国内地的初步实践 
1说明了 S E A与E I A的层次关系 . 在香港，对政府的规划进行环境影响评价最早开 
5 保证 S E A 有效实施的机制 始于1 9 88年 [丨 7 ]，对政府的政策进行环境评价则开始于 
许多经验表明，一种有效的机制是 S E A有效实 1 9 9 2年.这些具有S E A性质的研究包括：1 9 8 9年完成 
施，并且保证其研究成果运用于政府决策的关键• 的海港和空港发展规划的环境评估报告 . 1 9 9 3年和 
B u c k l e y也认为，目前S E A实施的主要障碍在于现行 1994年分别完成的铁路发展政策和新界西北地区区域 
的 S E A 体系中，缺乏一种保证 S E A 的成果为决策者发展策略的环境评价报告 . 
所 采 纳 或 考 虑 的 必 要 机 制 到 目 前 为 止 ， 较 为 突 出 的 研 究 范 例 是 ， ： 1 9 9 6 年 香 港 
表 1 S E A与E I A分别所考虑的问题 政府环保署完成的“全港发展策略”(Territorial Devel-
SEA所考虑的问题 E I A所考虑的问题" “ o p m e n t Strategy Review,TDSR)战略环境评价研究报 
总体目标、政策 单一的行为或工程项目 告.这一研究的目的是希望制定一套中、长期的发展策 
—个系统或一系列行为 地区性或区域性的内容 庄悉进.n彳大5丨丨snn JT^^mn^t m 区域性、全国性和全球范围的内容 略，U保证在2011年香港人口达到800万规模时，仍 
实现经济、社会和环境的持续发展.研究的重点是土地 
H l f l l i l l l l i ^ I H I E l •、交通和环境’范围则包括了全香港.具体地说’考 
^mnn |划 r^i P 剛 」 k 虑的主要环境要素包括：污水排放、水质、噪声、空气质 
部 门 的 发 展 要 求 土 地 利 用 规 划 公 众 参 与 量、固体废弃物、生态等.研究采用了渐进式的技术路 
“ 线，即先作一个初步的考虑（initial options)，然后才作 
- W 详细研究(hybrid o p t i o n s ) .这一方法可以减少不确定 
部门规划 r , 
~ 、 性对S E A的影响 
$ 准 规 划 ) 1999年，香港特区政府委托顾问公司完成了“第三 
^ “ 八 八 j b 次综合运输规划方案”的研究.这一研究的目的是探讨 
待选项目^ 确定E1A的范围一公众参与 
~ ^ 香港未来的运输要求，从而对今后20年运输基础设施 
+ 定 项 目 ) 的长远发展、公共交通服务的拓展以及交通管理等方 •: :-、• 
面提出概括性的指标.在报告中，对不同运输发展政策 
项 目 设 计 UA -"一公众参与 所可能造成的环境影响进行了评估，其中包括累积影 
I I ] 响，从而为决策者制定环境友好的（environmemal-
项目建设^ 环境监测与审4 I friendly)的长远策略，避免对环境造成严重影响的政策 
_ 提供技术依据. 
E 1 A - 香 港 中 文 大 学 地 理 系 与 环 境 研 究 中 心 也 开 展 了 战 
传 _ _ 管 理 和 决 策 过 程 大 致 是 纵 _ ’ 部 n 料 境 评 价 的 職 工 作 . 首 先 幵 发 了 基 于 地 理 信 息 系 
与部门之间缺乏足够的交流与沟通；而S E A则要求政统 ( G I S )的道路交通噪声评价系统，并将噪声评价从项 
府多部门的横向协作（C r o s s - s e c t o r a l ) ’从单纯地考虑目层次提升到区域战略层次.由于道路交通噪声对于 
环境影响转向环境、经济、社会的多方向综合考虑，从某些生态敏感区和噪声敏感受体，例如学校、医院以及 
单纯的政府决策过程转为专家咨询、公众参与与政府面对道路（或拟建道路）的居民楼群都有重要影响，所 
决策相结合.这样就必然需要一种机制来保证S E A的发展的系统将对各种不同规划方案进行比较，为决策 
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BHH 域环境影响评价作出明确的规定.从我国进行的区域性 8 O E C D ( O r g a n i z a t i o n for E c o n o m i c C o - o p e r a t i o n and D e -
國 • 的 评 价 对 象 、 内 容 和 技 术 方 法 上 看 ， 它 是 - 种 对 规 : t P p : r 二 二 二 : = 。 二 ： 
^^m 划和计划的评价,具有战略环境评价的性质.最近，我国 P a r i s : 1 9 9 4 . 
_ 学者还开展了重大经济政策环境评价的研究（中国汽车9 t t ; l t \ r : d = k s = i = = = P。 = : k G t t 
^ ^ ^ 工业产业政策环境评价)[“〕•但总体上说，中国内地的 （ B P E O ) for P r o p o s e d T r a n s p o r t S c h e m e s . Journal of E n -
^ ^ SEA尚刚刚起步，许多问题尚待进一步探讨. viranmemd Management- 1997 ’5：1:3。5〜321‘ 
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_ 主要研究领域可概括为以下几个方面 :在机制上保证 1 1 
SEA 有效实施的方法；环境信息在 SEA 中的有效使 Envirornnemal Methods Review： Retooling Impact As-
_ 用；现有的适用于单—项目EIA •析、预测、评价方 Dakota， 







m 方 案 比 较 的 范 围 的 确 定 ； 累 积 环 境 影 响 的 评 价 ； S E A 程 二 
^ ^ 序 中 ， 公 众 参 与 的 实 践 等 [ • " ] . R e v i e w： R e t o o l i n g Impact A s s e s s m e n t for the N e w 
_ 在中国除了继续开展并改善项目环境影响评价工 二 n = y e o t r � N o n h D a k o . a , U S A： T h e P . e s s C l u b , 
作外，应积极幵展战略环境影响评价的研究与实践，例 14 S m i t B and S p a l m g H. M e t h o d s for C u m u l a t i v e E f f e c t s 
• 如，开展区域开发多项目的综合环境评价，区域规划的 f g S g l ^ S i I I t �E i n Q V ^ a n m e n t a i Impact A s s e s s m e n t R e v . e w . 
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- 基于地理信息系统（GIS)的线源空气污染模拟 
一 A r c V i e w GIS 与 Caline4 的结合 
















2. Caline4 与 ArcView GIS 
2.1线源空气质量模拟程序一"Caline4 






扩散参数（ o y ) [7]o模型所需要的输入参数包括线污染源数据（道路交通数据，各类型 
汽车尾气排放参数等）、道路网络及其相_关的几何参数（例如，道路宽度）、接受点的空间 
位置，高度和背景浓度、气象参数。模型的输出包括各接受点浓度的预测值以及各元素“段” 






2 . 2微机桌面 G I S系统 — — A r c V i e w 
本项研究选用的GIS系统是基于Windows平台的ArcView V.3.1。ArcView G I S是美国 
ESRI公司开发的面向对象的GIS系统，该系统具有良好的用户界面，并带有类库丰富的二 
次幵发语言 A v e n u e。 A r c V i e w带有一系列扩展模块（ E x t e n s i o n s ) ,包括 D i g i t i z e r , 
Geoprocessing, Spatial Analysis, 3 D Analyst, C A D Reader 和 Dialog Designer 等，大大增强 
了其功能。可以说， A r c V i e w系统发展到 3 . 1版本以后已经完全跳出了作为 A R C / I N F O浏 
览器的模式，成为一种较为独立的微机桌面 GIS系统。为我们幵发基于 GIS的道路空气质 
量预测和评价系统提供了良好的地理信息系统平台。 
A r c V i e w系统的另一个重要特点是它可以直接读取 A u t o C A D的 D W G格式文件，而不 
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